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Finding Chemical Records by Digital Computers: L. C. Ray and R. A. Kirsch 
Electronically Controlled Respirator: R. Batson et al. .... 


Integrating Device for Use with Potentiometers: 


W. K. Hall, G. Sill, C. L. Wolfe 
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News Articles and Briefs; Scientists in the News; Recent Deaths 
Preserving Fluorescein Isocyanate for Simplified Preparation of 
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Experimental Apparatus: J. W. DeWitt 


Synthesis of “On-Off” and “Off” Responses in a Visual-Neural System: 
F. Ratliff and C. G. Mueller 


Spectrophotometry in the Far Ultraviolet: M. V. Buell and R. E. Hansen 


Cultivation of Adult Mouse Mammary Gland in Hormone-Enriched 
Synthetic Medium: /J. J. Elias .... 


Controlling Growth of Test Bacteria for Antibiotic Assays through 
Anaerobiosis: F. V. Kosikowski 


Growth Chamber with Light of Solar Intensity: R. B. Platt 
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of Microbiology; The Modern Researcher; A History of Luminescence from 
the Earliest Times until 1900; Concepts of Force; New Books 

Humanist and Ethical Union; Meeting Notes; Forthcoming Events ..... 
Letters 

Equipment News 

Index of Advertised Products 


Index of Advertisers 


\MERICAN A SS:O@€ TxA FT 1O'N FOR THE ADVANCEMENT OF SCIENCE 





Karl Fischer Moisture Determinator. 
A completely self-contained, port- 
able unit for accurate moisture 
determinations in field and labor- 
atory. Rapid results accurate up 
to plus or minus 0.2%. Made 
under license by Phillips Petro- 
leum Company. 





Cenco-Meinzer Sieve Shaker. Holds 
six standard 8” or 5” sieves. Speed 
controlled—will separate a mixture 
by particle size into six _compo- 
nents in one operation. Without 
sieves, No. 18480, $175.00. 
Described in circular 1266. 


Cenco Lab-Jack. Quickly 

adjustable through an 

elevation of 7 inches. 

Supports up to 100 lbs. 

Complete oe 

auxiliary top plate an 

pp ent ted, o, Lom. : Cenco High Torque 

.50. De ; 

circular 1213, ita : ‘ Stirrer, Improved. For 
light or viscous liquids. 
Precise control of speed 
from 100 to 1300 rpm. 
No. 18802-1, $95.00. 
Request Circular 
1199B. 


Cenco Moisture Balance, Infrared 

Heat. For fast, accurate, repro- 

ducible moisture determinations of 

liquids or solids. Weighs and drys 

simultaneously. Records percent | Cenco Giant Blast 

of moisture directly. No. 26675, | For working hi 

complete $270.00. Ask for glass from oxyge 

Bulletin 75. ives you every 
ure grip levers c 
No. 11247, $15 
Bulletin 20. 








FFICIENCY, ACCURACY 
and DEPENDABILITY 


in every laboratory operation... 


HERE ARE A FEW OF THE 20,000 ITEMS IN THE CENCO LINE 


During the past half century, Cenco has grown to a 
position of leadership with the most complete line of scientific 
instruments, laboratory apparatus, chemicals and supplies in 
the world. In an effort to provide the utmost in service and 
satisfaction to those engaged in research and development 
work, Cenco maintains branch offices strategically located 

ot from coast to coast. Whatever you may need ... from a 
For drying, Sodean ier be ot simple instrument to a completely equipped laboratory .. . 


for automatic regulation from és e . 

room temperature to 210° C. it is available . . . quickly . . . when you call Cenco. 
Vacuum chamber available for 

oe into oven No. 95051 

oven only, $175.00. Write for 

Bulletin 6. 


CENTRAL SCIENTIFIC COMPANY 


General Offices and Factory—1718- Irving Park Road e Chicago 13, Illinois 


Branches and Warehouses—Mountainside, N. J. e Boston « Birmingham 

Central Scientific Co. of California—Santa Clara e Los Angeles 

Refinery Supply Company—Tulsa e Houston 

Central Scientific Co. of Canada, Ltd.—Toronto e Montreal ¢ Vancouver « Ottawa 


The most complete line of 
scientific instruments and lab- 
oratory supplies in the world 


enco Giant Blast Burner, improved. 
orworking high temperature —— “Gp? 
lass from oxygen and gas. One tip 
ives you every flame you need. 
ure grip levers control each flame. 
0. 11247, $150.00. Write for 
ulletin 20. 






Cenco Rectangular Oven. Com- 

rs pletely new design—range, 60° to 

_— §) 250° C combines efficient temper- 
A , 


sha yy ature distribution, uniformity and 

€ i ' sensitive control. Forced air and 

= -" gravity models available. No. 

95075 Gravity Model, $275.00. 
e for B etin 6 
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A NEW CONCEPT /N MICROSCOPE PERFORMANCE 
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P23LABOLUX 


a F ” . : TLE . 


LABOLUX for photomi 
crography with LEICA. 


Combined binocular- 
monocular tube. 


The Leitz LABOLUX medical and laboratory microscope is a scientifically engi- 
neered instrument of modern design, built for a lifetime of use. The LABOLUX 
is a new concept in fatigue-free operation and precision performance. It com- 
bines the coarse and fine focusing adjustments in a single control; with all 
controls, including the actuating knob for the mechanical stage, in a low con- 
venient position. High power lenses have spring-loaded mounts preventing 
damage to lenses or slides. 


The LABOLUX can be faced away from the observer, for increased accessibility 
to all controls and to the object stage. Interchangeable body tubes permit 
binocular or monocular observation as well as photomicrography, with simul- 
taneous observation and photography made possible through a unique trinoc- 
ular attachment. A wide variety of accessories makes the Leitz LABOLUX the 
ideal instrument for hospital or office laboratory, 














E. LEITZ, INC., DEPT. SC-10 i 
468 Fourth Ave., New York 16, N.Y. ] 
Please send me the Leitz LABOLUX brochure 
Name FIRST IN PRECISION OPTICS 
Street f 
| 20987 
City. Zone State I €. LEITZ, INC., 468 FOURTH AVENUE, NEW VORK 16, N.Y. 
Distributors of the wor famous products of 
. ee & se 6LhUm.Lh UGLUG.L UG. UG. UG. UG. LU. OU. OU OG | Larca CAMERAS "Unease monoscores - @ NOOULANE 
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(1) Take a picture one minute, have your slide the next. (2) Slip it into a mount, and (3) project it as big as you want. 


Polaroid Corporation Announces 


QUICK, EASY WAY TO MAKE SLIDES 


Now, with a standard Polaroid® Land Camera you can make 
slides in an office, lab or plant, and project them immediately. 


Polaroid Corporation has perfected a 
film which produces black-and-white slides 
tight in a regular Polaroid Land Camera. 
Just click the shutter, pull a tab and lift out a 
transparency of exceptional photographic 
quality. It’s ready to project 20 seconds later, 
after a quick hardening and mounting in a 
snap-together plastic mount. 

The complete system includes the stand- 
ard Polaroid Land Camera, the film, mounts, 
hardener and projector, plus a versatile 
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Copymaker that lets you make slides from 
any text material, existing photographs, 
charts, graphs, titles or what have you. You 
have a choice of two sizes of film—2% x 24, 
or 3% x 4 (for existing “Lantern Slide” 
projectors). 

These slides cost about one-third as 
much as conventional slides. But the real 
saving is in the time and effort that it takes 
to put a picture on the screen. Send in this 
coupon for more detailed information. 


Polaroid Corporation 
Dept. S10 + Cambridge 39, Mass. 


Please send me detailed information on the 
new Polaroid Transparency System. 


NAME. 


PROFESSION 
OR POSITION. 


INSTITUTION 
OR COMPANY 


ADDRESS. 





Baird-Atomic’s 


NEW scintitationn SYSTEM 
SCINTILLATION 


Available for the first time ...one system for the stable, analytic 
measurement of isotopes emitting either gamma rays or hard 
beta rays or a mixture of both...from solid or liquid samples, 


You are cordially invited to visit 


our Booth 307 
at the 
ATOMIC TRADE FAIR 
Oct. 28-31 


New York Coliseum 


FOR: 


@ Counting of Biological and Medical Samples 


Pulse height spectrum analyses 


Physical and industrial measurements 





“Chemistry-Free” Gamma and Beta and Gamma-Beta applications 


System consists of Model 810A complete scintillation amplifier 


GAMMA SCINTILLATION 

(High gamma — low beta sensitivity) 

Well-type geometry of Model 810A and com- 
pletely light-tight assembly of type 810-20 crystal 
assembly permits high efficiency precision count- 
ing of all gamma emitters. 


Over-all system stability permits separation of 
gamma emitters by use of precision pulse height 
selector to determine spectrum operating range. 
These features allow not only integral spectrum 
analysis but also the determination of useful 
gamma-pairs such as I***-Cr°1, Fe®®-Cr°1, Co®*-Co®, 
and Na**-K*?, 
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and Model 1032 Multiscaler. 


BETA SCINTILLATION 
(High beta— low gamma sensitivity) 
Use of a Type 811-7 Beta Well (completely inter- 
changeable with type 810-20 well and type 810-21 
solid gamma crystals) allows, for the first time, 
scintillation well counting of hard betas 
(> 1 Mev) with no source preparation required. 
Permits use of this system for quantitative routine 
beta counting in high-geometry well . . . eliminat- 
ing dependence on source positioning and sample 
self-absorption for such beta emitters as P**, Na**, 
K*?, Sr®°° and others. 


aTomc’s 

H MODEL 6H BETA WELL 
H INSTRUMENTS @tl- 7, GOA, 1032 
’ 


nveP) 
Source PM in 1OMm! SOLUTION 
WW LUSTEROIO PLASTIC 
CENTRIFUGE TUBE 


mt OF 10% cmerycr 


EFFICIENCY tu 











Baird -Atomic, Inc. 
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LARGEST MANUFACTURER OF SUPER-SPEED CENTRIFUGES! 


REFRIGERATED CENTRIFUGE 


The Model LR features a new design refrigeration 
system which employs forced air circulation 
al colle aM iil lave MorolioluaMaerelilae Mle 1-1 Moll leon dle 
a continuous laminar flow of cool air streams onto 
li Me eelailolal Mie) ME is\ Micelle ame Gal laslet-ta 

may be set as low as —15°C 

maintained within 

temperatures are easily 

even lower, during r 

extended periods 


FOUR INTERCHANGEABLE ROTORS 


CAPACITY RPM RCFxG 
ROTOR Max.) (Max.) (Max.) 





Instrumentation includes 


Te 


electric tachometer, two hour 
temperature controller, variable speed 
ammeter for rotor acceleration contre 
ing safety controls 


7 





i 


A ‘full 1 Hp. Universal motor provides direct 





(Eff 


tg P, 
power to any rotor employed without the use of 











cumbersome high speed attachments, pulleys or 
gears. All rotors are interchangeably used in both 
sefrigerated and non-refrigerated Lourdes’ cen 
trifuges without the use of special adapters 





Model AX Model AA Model AB P Model AT 


SUPER-SPEED CENTRIFUGES AX, AA, AB, AT. These four models offer identital performance as follows: 


Model AX—Tripod base with separate transformer for remote control SPEED—to 16,500 RPM 
Model AA—Transformer built into compact aluminum housing FORCE—to 34,000 x Gravity 
Model AB—Includes ammeter, timer and ventilated panels CAPACITY—400cc (8x50cc) 
Model AT—Centrifugation within a ventilated heavy duty steel tank ADAPTERS—available for 


1,5, 6,10, 12, and 15cc test tubes 


MULTI-MIXER 


Sealed Homogenizing within. 


SS Containers— 50 & 200cc 


Mason Jars— pint, quart & 
two quart 
Centrifuge Test Tubes - 


15 & 50cc 
Model SL Model L 


Centrifuge Jars— 250cc 
VOLUME CENTRIFUGES Glass Jars— 50cc 
The model SL with VRA rotor spins up 
to 1500 ml. capacity (6x250 ml.) at speeds 
to 11,000 RPM with. forces to 20,000 x 
Gravity approximately > times greater 


elitr Me hial-iamr-lel-lole-bilesary 


than comparable centrifuges. Complete 
range of adapters available for smaller 


el) PY he a a) ek: 


LOURDES INSTRUMENT CORP. 
53rd Street & Ist Avenue ° Brooklyn 32, N.Y. U.S.A. 


WRITE FOR COMPLETE LITERATURE. REFER TO: $10-b 
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NOW... 


you can make 


MOISTURE 
TESTS IN 
MINUTES 


with the fully automatic Au the operator has to do is load the pan 
j Fr and set the timer and heat control to get 


quick, accurate, permanenily recorded mois- 
ture readings of granular solids, pastes, 


MOI! Ss TUR ee liquids, waxes or anything else that can be 


dried by heat. 
The portable IR Moisture-Matic, a product of 
” NM AT : Cc Moore-Milford Corporation, utilizes far in- 
frared for highest absorption and rapid, even 
Ly A L A Re Cc a heating, and has both a self-contained timer 
and variable heat control between 30 and 600 
watts. The motor driven torsion balance 
automatically weighs the sample after the 
test, and the moisture percent is retained on 


Tests anything that a 3 digit counter to the nearest 0.1 percent. 
can be oven-dried... Operates on 115-volts, 60 cycles AC. 
just load... set time All components are of instrument quality to 
assure long life without maintenance ex- 
and heat...and let pense. For guaranteed accuracy and speed 
the instrument in your moisture testing, ask your Scientific 
do the rest. Products representative for a demonstration 
or write us today. 


IR Moisture-Matic Balance 
complete, ready for use... 


‘295° 
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250 Watt Unit 50 Watt Unit 
(165cc-10KC) (66cc-9KC) 


Raytheon Sonic Oscillators 
——T Now in 4 out of 5 Medical Research Laboratories 





/ A versatile research tool, Raytheon Sonic Oscillators 
ACCELERATE perform scores of valuable services for researchers. 
In fact, their utility continually increases in labora- 
tory projects such as disintegration of bacteria, accel- 
eration of chemical reactions, seed germination and 
bacteria growth, diffusion of gases in liquids, many 
others. 


Raytheon Sonic Oscillators—the only low frequency 
magnetostriction units available—offer notable advan- 
tages in trouble-free construction, simple operation, 
long life and low cost. The treatment cup may be 
safely autoclaved. “Plug-in” installation. 





ges 


EMULSIFY 





DIFFUSE DISINTEGRATE DECOMPOSE 


Available now. Write for complete information on 
both the 50 and 250 watt units. 


RAYTHEON MANUFACTURING COMPANY 








Commercial Equipment Division—Medical Products Department 
Excellence in Electronics - Waltham 54, Massachusetts 
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INTERSCIENCE 





KOLTHOFF’S VOLUMETRIC ANALYSIS 


Second English edition, entirely revised and enlarged. 


In three volumes. 


Volume III: TITRATION METHODS: 
Oxidation-Reduction Reactions 


By I. M. KOLTHOFF, Professor and Head, Division of Ana- 
lytical Chemistry, University of Minnesota, Minneapolis, 
Minnesota, and R. BELCHER, Reader in Analytical Chem- 
istry, University of Birmingham, England. With the coopera- 
tion of V. A. STENGER, Analytical Research Chemist, The 
Dow Chemical Co., Midland, Michigan, and G. MATSU- 
YAMA, Senior Research Chemist, Research Department, 
Union Oil Company of California. 


All analysts will welcome the appearance of Volume III of 
this well-known treatise on volumetric analysis. 


1957. 724 pages, 41 tables, 20 illus. $15.00 


NEW INSTRUMENTAL METHODS 
IN ELECTROCHEMISTRY 


Theory, Instrumentation, and Applications to 
Analytical and Physical Chemistry. 


By PAUL DELAHAY, Louisiana State University. Fureword 
by Professor I. M. KOLTHOFF. With a Chapter on High- 
Frequency Methods by CHARLES N. REILLEY, University 
of North Carolina. 


“Dr. Delahay deserves the gratitude of electrochemists and of 
chemists in general for his having been willing and able to 
provide them with such a clear and detailed survey of the 
new instrumental methods of electrochemistry in a period 
during which he has been so thoroughly busy making his 
own important contributions to the subject. . . . Interscience 
Publishers have produced another book which, from the 
point of view of physical presentation, is fully up to their 
customary high standards.” Pierre Van Rysselberghe in 
“Journal of the American Chemical Society” 


1954. 455 pages, 158 illus., 12 tables. $11.50 


CHEMICAL APPLICATIONS OF SPECTROSCOPY 


Edited by W. WEST, Research Laboratories, Eastman Kodak 
Company, Rochester, N.Y. 


“This book is recommended to those who wish to acquire 
some theoretical background for the application of spectros- 
copy to the study of molecular structure. It should be useful 
to practical spectroscopists with experience mainly in the 
field of chemical analysis who wish to broaden and deepen 
their understanding of the physical basis of spectroscopy.”— 
“Analytical Chemistry” 


1956. (Weissberger’s Technique Of Organic Chemistry, Vol. 
1X) 812 pages, 211 illus., 98 tables. $15.00 


LABORATORY MANUAL OF 

BATCH DISTILLATION 
By F. J. ZUIDERWEG, Koninklijke/Shell-Laboratorium, Am- 
sterdam, The Netherlands. 


A clear and thorough introduction to the theory and practice 
of distillation, which is one of the most important and versa- 
tile of all operations in the chemical laboratory. 


1957. 134 pages, 37 illus., 8 tables. $3.50 


By E. L. WHEELER, Department of Chemistry, University 
of California, Los Angeles, Calif. 


SCIENTIFIC GLASSBLOWING 


Glassblowing is a basic scientific skill. This is an outstand- 
ing “how to” book by a veteran glass blower who came, from 
a commercial glass shop, to cooperate with scientific research 
workers and to teach courses at Johns Hopkins University. 
University of California, and for the Atomic Energy Commis- 
sion. A book of unusual practical interest for almost all ex- 
perimental scientists, chemists, physicists, and laboratory 
workers of all kinds. Describes basic glass blowing, and coat- 
ing of glass with thin metal films, purification of mercury, 
fractional distillation and high vacuum technique. 


1957. Approx. 490 pages, approx. 290 illus., approx. 59 tables. 
Approx. $10.00 


MICROCHEMICAL JOURNAL 


Editorial Board: Chairman, NICHOLAS D. CHERONIS, 
Department of Chemistry, Brooklyn College, Brooklyn, N.Y.; 
A. A. BENEDETTI-PICHLER, Department of Chemistry, 
Queens College, Flushing, L.I.; T. S. MA, Brooklyn College, 
Brooklyn, N.Y.; JOHN A. MEANS, Chas. Pfizer & Company, 
Brooklyn, N.Y.; ALFONSO G. MISTRETTA, American 
Cyanamid Company, Lederle Laboratories Division, Pearl 
River, N.Y.; BELLA ROSENFELD, Brooklyn, N.Y. Pub- 


lished under the auspices of the “Metropolitan Microchemi- 
cal Society.” 


This new journal will provide: 


e A medium for publication wherein all workers in this field 
will be able to bring their results to public attention. 


e A focus for information, so that all who are interested in 
microtechniques will be able to learn of the current con- 
tributions to the field. 


e An Abstracts Section. This will cover a wide range of jour- 
nals, in numerous countries, and will abstract papers, or 
portions of papers, relevant to microtechniques. This sec- 
tion will occupy about one-third of the Journal, and it is 
hoped that it will become one of the most valuable features 
of the new Journal. 


1957. Volume I consisting of two issues (about 300 pages per 
year). $9.60 per volume 


NUCLEAR INSTRUMENTS 


Edited by K. SIEGBAHN, Uppsala, Sweden. 


Nuclear Instruments, like its sister journal Nuclear Physics 
(editor: L. Rosenfeld) is entirely international in char- 
acter; the editorial board consists of representatives from 
many different countries. Without doubt, much of what is 
achieved in experimental nuclear physics today is dependent 
on the present state of techniques. But detailed information 
on these, though often of decisive importance, is frequently 
hidden in the form of rather sketchy introductions to vari- 
ous papers. Nuclear Instruments therefore publishes experi- 
mental, theoretical and technical articles on subjects such 
as: accelerators, counters and detectors of nuclear radiation, 
isotope separators and mass spectrometers, instruments for 
nuclear spectroscopy, electronic equipment used for nuclear 
instrumentation and automation and other various miscel- 
laneous nuclear techniques such as dosimetry and instru- 
ments used in tracer techniques, etc. Survey articles, short 
notes and book reviews are also included. 


Bimonthly. One volume of approx. 360 pages per year. Sub- 
scription, $17.00 





INTERSCIENCE PUBLISHERS INC. 


250 Fifth Avenue, New York 1, N.Y. 





~ 
a 
x 


SCIENCE, VOL. 126 





FISHER 


INTEGRATED 
SOURCE 


// 
(horatory 


REQUIREMENTS 


INSTRUMENT 
MANUFACTURING 
SHOPS 


CHEMICAL 
MANUFACTURING 
DIVISION 


DEVELOPMENT 
LABORATORIES 


UNITIZED 
LABORATORY 
FURNITURE 


CUSTOM GLASS 
BLOWING 


SERVICE and 








Check List of Your Laboratory Needs 





Partial List of the Finest Instruments, Apparatus and Reagent 
‘Chemicals Stocked by Seven Strategically Located Fisher Plants 


BALANCES 

Ainsworth Ohaus 

Christian Becker Seederer-Kohibusch 
Fisher Torsion 

Gram-atic Voland 

Mettler 

CALORIMETERS 

Emerson Precision 

Parr 

CENTRIFUGES 

Fisher Precision 
International Sharples 
CHEMICALS 

Fisher National Aniline Stains 
B.B.L. Media & Dyes 

Difco Media Travenol Sera 
Eastman Organics (DPI) 

COLORIMETERS 

American Optical (Spencer) Beckman 

Bausch & Lomb (B&L) Fisher 


CRUSHERS, GRINDERS, 
PULVERIZERS, MILLS 


Braun U. S. Stoneware 
Fisher Wiley 
DISTILLATION EQUIPMENT 
American Sterilizer Precision 
Barnstead Stokes 


ELECTROPHORESIS APPARATUS 


Spinco Welch 
FILTER PAPER 

Fisher Schleicher & Schull 
Munktells Whatman 
Reeve Angel 

FURNACES AND OVENS 
Burrell Lindberg 
Fisher Precision 
Hevi-Duty Sentry 
Hoskins Temco 
FURNITURE 


Fisher Unitized (from stock) 


GAS-ANALYSIS APPARATUS 


Beckman Fisher 
GLASSWARE AND PORCELAIN 
Coors Fisher 


Corning (Pyrex and Vycor) 


HEATERS, HOTPLATES 


Kimble (Exax and Normax) 


pH METERS 


Beckman 


METALLOGRAPHIC EQUIPMENT 


American Optical (Spencer) Fisher 
Bausch & Lomb (B&L) Precision-Jarrett 


MICROSCOPES & ACCESSORIES 


American Optical (Spencer) Silge and Kuhne 
Bausch & Lomb (B&L) 


PETROLEUM-TESTING EQUIPMENT 


Fisher /Tag Precision 


PUMPS—VACUUM & PRESSURE 


Cenco Welch 
Fisher 


REFRACTOMETERS 


American Optical (Spencer) Fisher 
Bausch & Lomb (B&L) 


SPECTROPHOTOMETRIC EQUIPMENT 


Beckman Fisher-Todd 
Bausch & Lomb (B&L) 


STERILIZERS & INCUBATORS 


American Sterilizer Precision 
Fisher 

STIRRERS 

Eastern Precision 
Fisher Waring 


Mixco (Lightnin’) 


TITRATION EQUIPMENT 


Beckman Precision 
Fisher 

VISCOMETERS 

Fisher Stormer 
Fisher/Tag 


WATER BATHS 


Fisher Precision 


eeeeeereee ee ee ee eeeeeeeeeeeeeese 


FOR MORE DETAILS... 
Bulletins covering the above products, in ° 


Fisher Lindberg detail, are available on request. Write: + 
REPAIR SHOPS Gilas-col (Mantion) Precision 139 Fisher Building, Pittsburgh 19, Pa. 
Hoskins Temco 
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3 FISHER SCIENTIFIC 


America’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 








STOCKS IN IN THE U.S.A. Chicago Philadelphia IN CANADA 
7 MAJOR CITIES Boston Cleveland Pittsburgh Edmonton 
Buffalo Detroit St. Louis Montreal 
8-20 Charleston, W.Va. New York = Washington Toronto 
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Measure the truth of a proposition 
by its correspondence with experimental results 


and by its practical outcome 


A criterion for scientists 


Proposition: If borosilicate laboratory ware is what you want, then Pyrex brand 


is your best buy. 


Proof: 1. Pyrex brand labware forms the most complete line available. Check the 
standard LP catalog and CA2 (a compendium of custom-made labware). 
2. Scientists, teachers, and laboratory technicians have been attesting to Pyrex 
labware’s superiority for more than forty years. 
3. Pyrex brand glass No. 7740 was selected by Corning as the best of hundreds 
of borosilicate formulae, best because it offers the most ideal balance of chemical 
and thermal properties. These properties, correct design and expert craftsman- 


ship insure long service, overall economy. 


Conclusion: Since the mass production of laboratory ware made from borosilicate 
glass demands well-developed skills, your best buy always comes to you with 


this trademark: PYREX 


CORNING GLASS WORKS 


75-10 Crystal St., Corning, N.Y. 7 mmecand research itt Gast 


PYREX’* laboratory ware 


... the tested tool of modern research 
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It costs much less 
to outfit your lab f 


The proof is a matter of simple arithmetic. For example, 
for as little as $646.95 — often the cost of a single 
microscope alone — you may purchase four UNITRON 
microscopes and a photomicrography set. Shown here is 
a small selection of the many UNITRON models available. 


UNITRON POLARIZING — Model MPS 


For the study and identification of material structure and 
characteristics. Revolving, centerable, graduated stage. 
Individually centerable objectives. Bertrand Lens for exami- 
nation of interference figures. Coarse and fine focusing. 
Substage cond + & tion plates. Strain-free ob- 
jectives: 4X, 10X, 40X. Eyepieces: Crosshair 5X and 10X, P15X. 





UNITRON METALLURGICAL — Models MMU, MMA 
MMU: for metals and opaque specimens and also transparent 
specimens under both ordinary and polarized light. Vertical, 

bli and tr itted illumination. Transformer housed in 
microscope base. Focusable stage, polarizing apparatus and 
filters. Objectives: 5X, 10X, 40X, 100X. Eyepieces: P5X, 
P10X, K15X. 


MMA: a simplified version of MMU, 25 — 600X. 





UNITRON PHASE CONTRAST — Models MPE, MPEA 
MPE: Indispensable for the study of living cells and other 
highly transparent material. Continuous transition from phase 
to bright-field microscopy by adjusting condenser height. 
Choice of 4 contrasts. Mechanical stage. Three phase 
objectives: P10X, P40X, P100X. Eyepieces: 5X, 10X, P15X. 
MPEA: a simplified version of APE, 20 — 600X. 


UNITRON PHOTOMICROGRAPHY SET — Mode! ACA 
Duplicates the performance. of costly apparatus. Mounting 
brackets adjust to accommodate your present camera (35 mm., 
No. 120, No. 127, etc.). Viewing telescope permits all adjust- 
ments to be made while camera is in place and allows 
continuous observation of the specimen, even during time 
exposures. 


UNITRON STEREOSCOPIC — Models MSH, MSL 


MSH: for inspection, dissecting and other applications re- 
quiring a wide-field, 3-D view with great depth of focus. 
Inclined binocular head with distance and diopter adjustments. 
Revolving nosepiece. Choice of 3 objectives among 1X, 2X, 
3X, 6X. Eyepieces: 8X, 12X, 15X. Models with both high and 
low stands. 


MSL: single-magnification stereo with vertical binoculars. S 
hown us ye ordered — 
FREE 10 DAY TRIAL JNITRON EFeason! 


on any UNITRON MICROSCOPE . . . ek wd a 
Let the instrument prove its value to you in your ; hgh Pet clos 
own laboratory, before you decide to purchase, ouse Electric 


De Chemical. Co. 
Brown University 
Arthur D. Little Co. 


THIS COMPLETE CATALOG A U N / TR ON SHIGE SCIENTIFIC Con 














ON UNITRON MICROSCOPES 204-206 MILK STREET * BOSTON 9, MASSACHUSETTS 

IS YOURS FOR THE ASKING | Please send me your complete catalog on UNITRON Microscopes. 

This colorful catalog gives. complete Name 

specifications on the many UNITRON pera tony Company: i 
models available. Send for your free = City. Sete J 
copy now. OE OR RE A SO A A OS RR oD 
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Norelco 


PRODUCTS 


INSTRUMENTATION FOR 
RESEARCH, MATERIALS 
CONTROL AND PRODUCTION 


X-ray Diffraction Equipment 
X-ray Diffractometers 
X-ray-Spectrographs 

X-ray Thickness Plating Gauges 
X-ray Absorption Apparatus 
X-ray Crystal Analysis Units 
X-ray Tubes and Rectifiers 
X-ray Cameras, Sample 
Spinners, Pole Figure Devices 
and Accessories 


Avtrometer—24 Channel 
automatic Element Analyzer 


X-ray Custom Built Equipment 
for Special Applications 


Geiger, Proportional, 
Scintillation and Flow Type 
Detectors 

Electronic Circuits for 

High Speed Detectors 

with Pulse Height Analyzers 
Decade Scalers and Ratemeters 
Electronic Timers 

Line Voltage Regulators 

Radio Compass Controls 
Electronic Testing Equipment 
Electron Microscopes 

Electron Diffraction Equipment 
Emission Microscopes 


High Voltage Generators 


Contact Microradiographic 
Equipment 


Gas Liquefier 
High Pressure Equipment 
Industrial X-ray Equipment 


industrial X-ray Fluoroscopes 


Industrial Image Intensifiers 
with Closed Circuit Television 





RAY MICROGR 


OVIDES THRU- FOCUS STUDIES ¢ oF OPAQ 











A contact i of 
a 5 micron section through 
decalcified bone. Magnifica- 
tion 250 X. 





This inexpensive laboratory tool provides research and routine investigative 
data on specimens which because of varying degrees of opacity, cannot be 
examined by microscopic means. The CMR (Contact Microradiographic Unit) 
may be used as a complement to microscopy for critical studies of internal 
structures of materials which are opaque to the light microscope. 


Because specimens need no special preparation or treatment, data provided by 
the CMR can be used to verify artefacts and matrix distortion. Specimens in the 


order of 50 microns or greater, are placed in contact with an ultra-fine grain 
film and exposed to X-rays of selected long wave radiation. The straight-line 
penetration characteristics of X-rays provide an ultra-sharp thru-focus of the 
superimposed structures of the specimen. The resultant 1:1 micrographs can be 
photographically enlarged 400-500x. 


The entire unit can be operated from a standard A.C. outlet in a safelighted 
darkroom without the need for protective provisions. 





PHILIPS B.BCTRONICS,INC. 
Instruments Division 
750 SOUTH FULTON AVENUE, MOUNT VERNON, N. Y. 


In Canada: Scientific and Industrial Division, Philips Industries Limited, 
wigs 11 Brentcliffe Road, Leaside, Toronto 17, Ont. 
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versatility unmatched ! 





INTERNATIONAL 
REFRIGERATED 
CENTRIFUGE 
Model PR-2 


Dg We 


rt es 


‘2a 


¥ 





Now recognized as a basic instrument in medi- 
cal research, the refrigerated centrifuge is being 
called upon for wider and wider ranges of 
applications. 








Here’s how International’s Refrigerated Centri- 
fuge, Model PR-2 provides the scientist with 
versatility unmatched . . . 


28 INTERCHANGEABLE HEADS, including a new 
SHAKER HEAD ATTACHMENT for.shaking under 
controlled temperatures, 16 direct-drive angle 
heads, 7 direct-drive horizontal heads, 4 high- 
speed angle heads. 


4 LITER CAPACITY right down to 7 ml., offers the 
greatest capacity range of any refrigerated 
centrifuge on the market today. 


INTERNATIONAL’S PROGRAM of consistently 
designing new heads and accessories to meet 
the requirements of new techniques, guarantees 
the owner a refrigerated centrifuge of con- 
stantly increasing versatility. 


Send for Bulletin P 





International Equipment Co. 


1284 SOLDIERS FIELD ROAD * BOSTON 35, MASSACHUSETTS 
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Research 
Equipment 
from Arthur D. Little, Inc. 


ADL is one of the oldest and most diversified contract research 
and development firms. About 1,000 research personnel — 
more than half of them scientists and engineers — man our new 
main laboratories in Cambridge, Mass. We are geared to 
handle problems from industry, business, and government in 
most of the important areas of modern technology. ADL was 
founded primarily for chemical research in 1886, and has 

since broadened so as to cover problems ranging from basic to 
applied research, and from solely scientific to technical-economic 
in nature. 


Through our own research activities and our intimate contact 
with the problems of advanced laboratory operation, we realize 
the importance of having well-engineered laboratory equipment 
in the hands of research people. We provide a service to 
laboratories throughout the world by custom building a series 
of basic research tools, many of which, if built by the users, 
would have diverted valuable time from research. We have 
sought out significant laboratory devices in early stages of 
development and have engineered them into the types of 
apparatus shown below. 





- 


ADL COLLINS HELIUM CRY. 
OstaAT — A helium lique- 
fier and refrigerator for at- 
taining temperatures down 
to 2°K —a proven unit 
with over 100 installations 
in the field. 


ADL MAGNETIC REFRIGERATOR 
— Down to 0.3°K con- 
tinuously maintained in a 
compact device through 
magnetic cycling of a para- 
magnetic salt. 


ADL ELECTROMAGNET — 
40,000 gauss flux density 
produced continuously — 
engineered for high mag- 
netic field research. 
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Arthur D.Little, Jn. 


ENGINEERING DIVISION 


30 Memorial Drive 
Cambridge 42, Mass. 


Creative Technology Since 1886 


ADL COHN BLOOD FRACTIONATOR — A refrigerated, 


closed, mechanical centrifuge system for sterile 
processing of biological fractions. 






ADL SOLAR FURNACE — Up to 
3500°C of controlled “pure 
heat” in an_ engineered, 
flexible tool for high-tem- 
perature research. 


ADL 10,000 PS! NITROGEN PUMP 
— Up to 10 standard cfm 
of lubricant-free nitrogen, 
in gaseous or equivalent 
liquid form, at 10,000 psi. 


NORELCO GAS LIQUEFIER — 






Five liters/hour of liquefied 
gases (—80° to —200°C) 
within 15 minutes after 
Starting, in a compact, re- 
liable unit. (Developed & 
built by, and sold for Phillips 
Electronics, Inc.) 
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Expanding a Dimension 
of Molecular Research 


Ultracentrifugation raises the order 
of magnitude of a familiar laboratory 
technique 


Multiply the performance of the conventional centrifuge 
by 20, and you have a centrifugal wallop that opens a 
broad range of new and valuable applications in research. 
Such extreme centrifugal forces achieve far faster and 
finer separations. Molecules of nearly identical mass 
which defy the centrifuge can be separated . . . colloids 
are readily overcome ...very small particles and par- 
ticles in highly viscous media are sedimented . . . macro- 
molecules are sorted for further analytical studies. 


Spinco Model L Preparative Ultracentrifuge puts forces 
of this order at the fingertips of the industrial scientist. 
Its current uses include: preparing samples for electron 
microscopy; separating high-polymer fractions for light 
scattering studies; purifying and classifying macro- 
molecules and colloidal materials; clarifying liquids. 


More than 1,000 Spinco Preparative Ultracentrifuges are 
serving laboratories throughout the country. This 
research tool provides speeds up to 40,000 rpm (often 
continuously, for days or weeks) and centrifugal forces 
to 144,000 g’s with standard rotors. 


In terms of comparative average performance, this 
Ultracentrifuge accomplishes in 90 minutes at 40,000 
rpm, the degree of separation that requires more than a 
full working day at 17,000 rpm. 


General Purpose Rotors: Type 21 (lower right), 940 mi sample 
capacity, 21,000 rpm rated speed, 59,000 g centrifugal force; Type 30 
(center), 462 ml, 30,000 rpm, 105,000 g; Type 40, 162 ml, 40,000 rpm, 
144,000 g. Also available: Specific Purpose Rotors, Swinging Bucket 
Rotors, Batch Rotor for 1600 mi sample volume. 
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Spinco Model L Preparative Ultracentrifuge: Features speeds to 
40,000 rpm, centrifugal forces to 144,000 g. Uses interchangeable 
general purpose and specific application rotors, and tubes of cellulose, 
polyethylene and stainless steel. Standard Model L has vacuum rotor 
chamber and refrigeration system for operation to 0°C. High- 
temperature version, Model L-HT, has these features plus a heating 
system for use to 100°C. 


Typical Applications 


A dramatic use of the Spinco Preparative Ultracentrifuge 
in studies of the colloidal characteristics of untreated 
crude oils is described in a recent paper by Ray, 
Witherspoon and Grim, who report runs of up to 12 
days at 80,000 g, resulting in sedimenting particles with 
molecular weights as low as 12,800 and diameters as 
small as 4 millimicrons (see “A Study of Colloidal 
Characteristics of Petroleum Using the Ultracentrifuge,” 
presented at the 31st National Colloid Symposium, New 
York City, June 1957). 


For a discussion of the use of the Ultracentrifuge in the 
preparation of light scattering samples, see “The 
Molecular Structure of Polyethylene”: L. T. Muus and 
FE W. Billmeyer, Jr., Polychemical Department, E. I. 
du Pont de Nemours & Co., Inc. 


More detailed information on the Spinco Model L 
Ultracentrifuge and its industrial applications is available 
to you on request. Write the Technical Sales Department 
for Information File L-5J. 


Beckman: 
Spinco Division 


1117 California Avenue, Palo Alto, California 


esd a division of Beckman Instruments, Inc. 
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NEW 


The VirTis Mechanically Refrigerated 


FREEZE—MOBILE 


FOR UNATTENDED FREEZE-DRYING! 


e Ideal for the preservation of bacterial 
or virus cultures, bone, skin, hormones, 
vitamins, or virtually any heat sensi- 
tive material. 


e A complete mobile freeze-drying lab- 
oratory which does not require the use 
of dry ice. 


e Water vapor is condensed auto- 
matically by Freon-22 cooled con- 
denser. 


e Condenser operates at temperatures 
between — 50C and —60C. 


e Bulk drying as well as traditional 
manifold drying accomplished with 
equal convenience in this one unit. 


e Uniform controlled radiant heating for 
fastest possible sublimation rates when 
bulk drying. 


e Stainless steel fabrication throughout 

including vacuum drum and vacuum 

ports, Freon-22 cooled condenser, and 
reinforced mobile cart. 


Automatic operation—simply _ flick 
“on” the necessary switches. 





#10-145LP-MR 


Shipped ready to operate including stainless steel vacuum drum, stainless steel 
condenser, stainless steel mobile cart, complete mechanical refrigeration, Welch 
#£1405H vacuum pump, McLeod gauge, and all necessary vacuum and electrical 
controls. 


For additional information . . . contact your VirTis distributor or write 
The VirTis Co., Inc., Gardiner, N.Y.—Telephone: New Paltz 7700 


THANK YOU... 
You’ve forced us to move! 


With the expanded facilities at our new 
plant in Gardiner, N.Y., we are now in 
a position to keep pace with the in- 
creasing demands for VirTis laboratory 
designed and engineered products for 
> pea and biological research 
fields. 


THE VIRTIS CO., INC. 


GARDINER, N.Y. 
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CARLY REVOLVER 
ZEISS } MICRO PROJECTOR 


WEST GERMANY 








The advantages of micro-projection . . . permitting the showing of microscope slides to a group 
of scientists or students as well as pointing out specific details in the projected object . . . have 


not been fully utilized because of the complicated handling of micro-projectors that were thus 
far available. 


With the new Carl Zeiss Revolver Micro Projector apparatus, these difficulties are completely 
eliminated. Six objectives coupled mechanically to suitable condensers together with special 
projection eyepieces instantly project an image on the screen from low (macro) up to high 
magnifications. All objectives are parfocal and the matched condensers provide illumination by 
the Koehler principle. Thereby best resolution and greatest brightness of images are assured. 
Special projection eyepieces guarantee favorable fields of view, even at long projection dis- 
tances. A fully automatic carbon arc lamp eliminates frequent manual adjustment, so that even 
untrained operators can easily handle this projector. 


The Revolver Micro Projector can be quickly converted into a lantern slide projector for 2 x 2- 


in. slides by merely swinging a reflecting mirror, a condenser and a projection lens into the 
path of rays. 


Write for free detailed literature 


CARL ZEISS, ENC... 48s rire Avenue, NEw york 17, NY. 


Guaranteed uninterrupted repair service 
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LITHIUM METAL 
by the GRAM 


“TON 


Is your research specialty here? 






















The diverse physical properties and chemical reactions of lithium 
metal make it a uniquely valuable research tool. Consider these 
provocative uses: 


e Alkyl-and aryl-lithium compounds, which are prepared from 
lithium metal, find wide application in synthetic organic 
chemistry. Use of methyllithium in the preparation of syn- 
thetic Vitamin A is a typical example. 


e Lithium metal as a direct reducing agent now suggests an 
interesting potential. 


e The polymerization of isoprene to ‘‘natural’’ rubber thru 
the catalytic medium of lithium metal dispersions is a 
new development. 


e The military and peacetime uses of lithium metal in the 
field of heat transfer show great promise. Based on its 
low density, high heat capacity and high heat of fusion, 

lithium has no equal as a liquid metal coolant. 


e Lithium metal is the starting material for the production 
of lithium hydride and, in turn, lithium amide and 
lithium aluminum hydride. 


e Rocket and guided missile propellants utilize metallic 
‘‘super-fuels.”’ Many rely on complex compounds con- 
taining lithium metal or hydride. The key: lithium’s 

tremendous reactivity. 


Put lithium to work for you. Our bank of electrolytic 
cells can supply experimental grams or commercial tons 
of this admirably versatile metal. Write for details. 


L. 






LITHIUM CORPORATION 
OF AMERICA, INC. 


2699 RAND TOWER, MINNEAPOLIS 2, MINN. 





PROCESSORS OF LITHIUM METAL* METAL DISPERSIONS BRANCH SALES OFFICES: New York e Chicago « Bessemer City, N.C. 
METAL DERIVATIVES: Amide « Hydride 


MINES: Keystone, Custer, Hill City, South Dakota « Bessemer Ci le 
SALTS: Bromide e Carbonate « Ch'oride « Hydroxide e Nitrate / : 3 Schiiseaks 


Cat Lake, Manitoba e Amos Area, Quebec 
SPECIAL COMPOUNDS: Aluminate e Borate e Borosilicate * Cobaltite» Manganite PLANTS: St. Louis Park, Minnesota e Bessemer City, N.C. 
Molybdate « Silicate « Titanate « Zirconatee Zirconium Silicate | RESEARCH LABORATORY: St. Louis Park. Minnesota 
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The Model 21 
double beam recording 
infrared spectrophotometer 


Leader in the infrared field, the Model 21 
offers complete flexibility in spectral presenta- 
tion, speed and resolution. Wavelength range 
from 800 millimicrons to 35 microns. New 
Model 321 available with double beam, 
double pass system. 





The Model 13U 


universal spectrophotometer 


High performance in ultraviolet, 
visible, near IR and fundamental 
IR regions. Operates as a double 
beam, ratio recording or single 
beam instrument. Accommodates 
IR microscope. 














The Model 112G 


foreprism-grating spectrometer 


A very high resolution instrument 
with high energy per spectral slit 
width. Single beam, double pass 
operation. Less than 0.1% scattered 
light. 





P-E 
Analytical 





The Model 154C 


vapor fractometer 


A low-cost, vapor phase chroma- 
tography instrument capable of 
handling a wide range and high vol- 
ume of chromatographic problems. 
Analyzes gases and liquids boiling 
up to 300°C. Available with repro- 
ducible gas and liquid sampling 
systems, fraction collection systems, 
integrators and a wide variety of 
column materials and sizes. 





Instruments 





The Infracord* Model 137 


double beam recording spectrophotometer 





Spectracord* 
Model 4000 


recording ultraviolet spectrophotometer 


Features a double monochromator 
for high resolution and low scat- 
tered light (max. of 0.01% between 
222 Mu and 1.54). Covers visual, 
near IR and ultraviolet regions, 
records in transmittance or absorb- 
ance. Spectracord 3000 recording 
attachment converts most single 
monochromators to fast recording 
spectrophotometers. 





New low-cost infrared instrument for organic 
chemist and spectroscopist. Fast scan (2.5 — 
15u in 12 minutes), atmospheric and solvent 
compensation, differential analysis, instant 
wavelength reset, and linear wavelength vs 
transmittance recording. Records on note- 
book size paper. Handles spectroscopist’s 
routine work. 





Building Blocks and Accessories 
Sources, monochromators, detectors with 





The Model 146 


flame photometer 


Features prism monochromator, 
phototube detectors, internal stand- 
ard or direct ratio operation. A self- 
contained instrument designed for 
speed and convenience of operation. 
Uses less than 5 cc of sample. Oper- 
ates with any commercially avail- 
able gas. 





associated optics, electronics and control 
systems which may be assembled in 

many combinations. Covers infrared, ys 
visible and ultraviolet emission ~ ee 
ranges completely. — 


Write us for literature on these instruments at 


*Trademark 





INSTRUMENT DIVISION 


Perkin-Elmer Gyo 


900 Main Avenue, Norwalk, Conn, 
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The Model 38A 

Tiselius Electrophoresis instrument 
Analyzes and separates complex 
solutions. Permits determination of 
identity, concentration and compo- 
sition of solutes. Widely used by 
biologists, pathologists, biochemists. 


789 








new NRD liquid phosphor 


scintillation counter 





Efficiencies up to 80% with 
Carbon-14 now easily obtainable 
with this new low-cost counter. 
Background only 15-20 CPM. 
Precision shutter facilitates changing 
sample without reducing high voltage. 


Simple... rapid... counts any 
sample in organic solvents and many 
water soluble compounds. Provides 
maximum counting efficiency with 
minimum background. Holds 
spurious counts to a negligible level. 
Attaches to any scaler having good 
high voltage stability. Requires no 
extra circuitry, gas tanks, regulator 
or refrigeration. (Refrigeration may 


WRITE FOR SPECIFICATIONS. be added for counting Tritium.) 
(Other Liquid Counters for Low Energy Its small size and economy makes 
Betas Available.) it a laboratory convenience. 














a subsidiary of 


a . 
Ry 
nuclear corporation 


of america, inc. 














SALES OFFICES: 


Nuclear Consultants, Inc. Nuclear Corp. of Amer. Nuclear Corp of Amer. Isotope Specialties Co. 
33-61 Crescent St. 9842 Manchester Rd. 4754 W. Wash. Blvd. 703 S. Main St, 
Long Island City 6, N. Y. St. Louis 19, Mo. Chicago 44, Ill. Burbank, Calif. 

Nuclear Corp. of Amer. Export Dept. X-Ray & Radium Ind., Ltd. 

Box 7433, Sta. C 431 Fifth Ave. Toronto, Ontario 

Atlanta 9, Ga. New York 16, N. Y. and other Canadian cities. 


790 SCIENCE, VOL. 126 








25 











The above headline appeared in a leading electronics trade paper over an 
article that described how automation may soon invade the medical labora- 
tory to compensate for the lack of trained technicians. We here at Sorvall 
like to think that we have anticipated this need to some degree by our in- 
strument research during the recent past. For instance, two unique 
SERVALL developments are: 


SERVALL “SZENT-GYORGYI—BLUM” CONTINUOUS FLOW 
ATTACHMENT* 

A unique development that allows the collection in one, two, four, or eight 
tubes, of small amounts of precipitate from large volumes of sample, at a flow 
rate of 200 ml per minute, im one continuous operation. Material from a reser- 
voir is passed under controlled flow into the rotor tubes, the precipitate is sepa- 
rated, and the clarified supernatant is automatically removed. Extremely high 
speeds, up to 17,000 rpm when used with SERVALL’S Superspeed range of 
Centrifuges are permissible, and consequently sedimentation of the required 
sample is achieved in a fraction of the time taken by ordinary centrifuging. 
Modifications may be made to many existing SERVALL centrifuges in order 
to adapt them for Continuous Flow operation. SERVALL Superspeed Refrig- 
erated Centrifuges now being produced are designed for accommodation of the 
“Szent-Gyorgyi—Blum” Attachment, as is the all-new SERVALL En- 
closed Superspeed Centrifuge. 


SERVALL SS-3 PUSH BUTTON AUTOMATIC SUPERSPEED CENTRIFUGE* 
True automation for the medical laboratory, we should inform the electronics 
industry, is already here in the shape of the SS-3 Automatic Centrifuge. The 
SS-3 is the first centrifuge in the Superspeed range to incorporate automatic 
acceleration, pre-setting of desired speed, and dynamic braking, all on push- 
button actuation. In addition to these features, the unique SERVALL-Blum 
Gyro-Action Self-Centering Drive* make the SS-3 superior to anything ever be- 
fore offered in Superspeed Centrifuges. Speeds in excess of 17,000 rpm provide 
a force of 34,400 x G. when a Superspeed Rotor is used; the large SERVALL 
Type GS Rotor may also be used in the SS-3, giving an operating capacity of 
1,770 ml at speeds up to 9,500 rpm. The SERVALL Continuous Flow Attach- 
ment is available for the SS-3, thus developing the theme of automation for 
the medical laboratory even further. 


WRITE DEPT. SC-10CF FOR FURTHER INFORMATION 






I wali? Sort all ° Ine. 


NORWALK - CONNECTICUT 
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SS-1 Superspeed Angle Centrifuge 


SS-1A Superspeed Angle 
Centrifuge with Water Cooling 


SS-2 Vacuum-Type Centrifuge 
$S-3 Push-Button Automatic 
Superspeed Centrifuge (Patents 


Pending) 


SS-4 Enclosed Superspeed 
Centrifuge (Patents Pending) 


Superspeed Refrigerated 
Centrifuge 


“Szent-Gyorgyi—Blum” 
Continuous Flow Centrifuge 
(Patents Pending) 


Type GS Large Volume Rotor 


Small and Medium Angle 
Centrifuges 


Large Angle Centrifuges 
Omni-Mixer (Homogenizer) 


“Porter-Blum” Ultra-Microtome 
(Patents Pending) 


Automatic Pipettes 


Accessories including Centrifuge 
Tubes and Adapters 


Since 1943, the World's 
Largest Manufacturer of 
Superspeed Centrifuges 





DESIGNERS, MANUFACTURERS AND 
DISTRIBUTORS OF ‘“‘SERVALL"* 
LABORATORY INSTRUMENTS 
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re your present | 
g costs 


ASCO “50” 


ROTA-FILM 
STILL 


DISTILLATION 


With this simple-to-operate still you may... ~*~ 


a 
e explore falling agitated film evaporation 
and distillation, 


distill materials with molecular weights 
ranging from 200 to 1250 weight (hydro- 
carbons) and some materials to 4000 mo- 
lecular weight (silicones and halocarbons), 
e deglycerinate and distill mixtures of mono-, 
di- and tri-glycerides 

distill tall oil 

e distill paraffin from slack wax or petroleum 
residue 


Hundreds 
now in use! 


deodorize oils, 


@ remove color bodies from materials of high 
molecular weights. 


FEATURES 
e Batches from 10 ml to 20 liters 


e Vacuum range from atmospheric to 
1 micron Hg. 


Write for foider 
for more details 
and description 


Temperuture range to 450°C. 
Teflon or carbon rotor-wiper blades 


Stainless-steel (18-8 type 304) wiper- 
holders (Available with Hastelloy B) 


Continuous or batch feed yo 


All parts made of glass except 
wiper-holders and top plate 
UNITS MAY BE COUPLED FOR 
FRACTION ATION, 


Fields of investigation heretofore made “. 
prohibitive through use of highly expen- 
sive investigative techniques can now 
be explored with this simple-to-operate 
molecular still. Since the “‘50”’ still is the 
laboratory counterpart of the large com- 
mercial Rota-Film Still, results obtained 


may be duplicated on a commercial scale s oOo 
of eng angilbadic " COMPLETE FOR ONLY * SOI 


Write: Dept. $-1025 


ais 
C 
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ARTHUR F. SMITH CO. e 311 ALEXANDER ST., ROCHESTER 4, N. Y. 
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wotker or diagnostician with specialized equipment for every aspect of cardiac sound 
study: permanent graphic recording (2 channels); group auscultation; high fidelity tape 
recording and playback; and visual monitoring. 
a Each instrument-design reflects the knowledge and incorporates the experience gained 


by Sanborn Company during forty ‘years of precision medical instrument manufacture. 
fife Bulletins providing detailed performance data and specifications of each instrument are 


Js T= instruments shown and described here are désigned to providé the teacher, research 


available on-réquest, \ 
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AMPLIFYING 
STETHOSCOPE 
Model 256 


An electronic ampli- 
fying stethoscope which 
permits the auscultatory 
sounds to be heard at any 
desired loudness by one 
or more observers. The 
sounds as heard possess 
exactly the same quality 
and character as when 
heard with a good acous- 
tical stethoscope. Low- 
pitched or high-pitched 
sounds or murmurs may 
be accentuated, at the 
operator's discretion, by 
means of a set of five 
Sietachable microphone 
chest pieces. For listening 
by groups of up to 13, 
audiophones may be con- 
nected directly to the 
Amplifying Stethoscope; 
for groups of 20 to 30, 
supplementary junction 
boxes (and additional 
audiophones) are used; 
and for groups as large as 
200 to 400 in amphithea 
ters or auditoriums, listen 
ing may be achieved by 
the use of permanently 
wired audiophone jacks 


For auditorium use, in 
place of multiple audio 
phones, the Model 263 
100/200 Loudspeaker and 
Power Amplifier is avail 
able 


instrumentation from 


SANBORN | 


VISO-SCOPE 
Oscilloscope Model 169A 


When simultaneous 
visual presentation of 
heart sounds is desired, 
the Viso-Scope may be 
used in conjunction with 
any of the previous three 
instruments.* Waveform 
appears on the long- 
persistence 5” Viso-Scope 
screen as a sharply de- 
fined, bright yellow trace. 
This oscilloscope is ex- 
tremely easy to operate, 
and is specially designed 
to be compatible with 
Sanborn recording instru- 
ments. 


*With 


supplementary 
coupling units, write for 
details. : 


ANNIVERSARY 
1917-1957 


| 
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TWIN-BEAM 
Two-Channel Photographic 
Recording System 


A high galvanometric 
deflection speed, photo- 
graphic recording oscillo- 
graph for use in the 
simultaneous recording of 
the phonocardiogram and 
electrocardiogram ; two of 
the _electrocardiograph 
leads; oF, of any two 
cardiovascular or physio- 
logical phenomena, with 
the use of applicable 
transducers. 


It consists of (1) a re- 
corder and output ampli 
fier unit, with controls; 
and (2) two removable 
and interchangeable pre- 
amplifiers which provide 
for the simultaneous or 
separate registration of 
a) electrocardiogram, or 
“pulse type’’ or slowly- 
varying inputs; and (b 
phonocardiogram. Acces- 
sories furnished include 
one audiophone, one 
microphone with three 
open bells, and two 
Bowles diaphragm chest 
pieces. 


DIVISION 
WALTHAM 54, MASS. 
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: IN CLINICAL CHEMISTRY! 


rai "(\ NEW CONCEPT 





- 





Lyophilized, single assay, reagent tubes for 
determination of serum TRANSAMINASE, URIC ACID 
and LACTIC ACID DEHYDROGENASE 


ACCURATE SIMPLE LOW-PRICED 


(merely add water, serum and read) 


Although developed for use with a spectrophotometer, a spectrophotometer is not necessary 
for Transaminase or LDH Determinations. The tubes may be «sed as cuvettes in the, low priced 
COENZOMETER (pat. pending) which measures absorption at 340u. This instrument is currently 
being introduced by Macalaster Bicknell Company, 243 Broadway, Cambridge, Mass. 


THE NEW, RAPID MICRO METHOD 
UU. COA G OF GLUCOSE ANALYSIS 


REQUIRING NO DEPROTEINIZATION or HEATING 





Based on the coupled enzyme system of glucose oxidase and peroxidase, the reaction is 
specific for glucose. 


A blood glucose can be obtained in 11 minutes using 0.1 ml. serum or plasma. A photoelectric 
colorimeter is the only piece of special apparatus necessary. Simply add serum to reagent and read 
color in minutes. 


With proper precautions, the method is suitable for urine glucose determinations. 


SIMPLE SPECIFIC QUANTITATIVE 


Write to us for complete information including coenzometer literature 


WORTHINGTON BIOCHEMICAL CORP. 


FREEHOLD, N.J. 
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Farrand Master Diffraction Gratings are the most 
precise ever available. They are produced on a 
Ruling Engine recently constructed according to 
the designs of Dr. John Strong. 


DATA 


Type: Master, Plane Reflection. 
Size: Blank 6” diameter. 
Ruling 5” wide x 2.8” long. 
Lines per inch: 14,400. 
Efficiency: 65-85% of Incident Energy in Blazed Region. 
Ghost Intensity: Less than 0.1% in First Order of 5500 A. 


Resolution: 100% of Theoretical in Third Order or 
Better. 


IMMEDIATE DELIVERY 


The Farrand Optical Co., Inc. is 
also in a position to supply 

the FARRAND-STRONG Ruling 
Engine on special order 
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HYPERFINE STRUCTURE 
OF MERCURY SPECTRUM 


Unretouched photograph taken with a 
Farrand Diffraction Grating 


THEORETICAL COMPONENTS 


+2 te 0 —1 —2 


ANGSTROMS 


A=4538 A 6th ORDER (DOUBLE PASS) 
RESOLVING POWER =750,000 


Below, an unretouched photograph of a grating, 
blazed for First Order at 5500 A, illustrates the con- 
trol achieved over the groove form. 










































New Olympus Research Microscope Model DX 


The Olympus Optical Company of Japan, with many years of 
experience in the manufacture of fine microscopes, has again demon- 
strated its excellent technical ability in the production of a totally 
new research microscope. 


The following features make Olympus Model DX Research 
Microscope outstanding in its field: 
@ Proper inclination and height of binocular head makes it most comfort- 
able to use. 
@ Quadruple nosepiece is spring-loaded for protection of slides. 
@ Large calibrated mechanical stage (135x 146mm.) with detachable 
slide holder. Coaxial controls. Operation exceptionally smooth. 
@ Abbe condenser N.A. 1.4. 
@ Completely revolving decentering iris diaphragm. 
@ Excellent light source with centering device. Transformer and rheostat 
Stage Control knobs very for light intensity control. 
conveniently located @ OPTICS yi ee 
Eyepieces: Paired P7X, P1OX, P15X and K20X 
Objectives: 4X, 10X, 40X, and 100X oil immersion with iris stop. 
Magnifications: 28X-—2000X 
@ Available accessories: Darkfield condenser, phase contrast, inclined 
monocular tube, photographic tube, and fluorite objectives. 


@ Price only $690.00 





There are many other types of Olympus microscopes to meet 
nearly every requirement of microscopy. We can save you from 
80%-50% on your microscope costs. 


All Olympus microscopes carry a three-year guarantee against 
defective materials or workmanship. t 


Please write for a portfolio describing our Olympus microscopes. 


’ OLYMPUS OPTICAL INSTRUMENT COMPANY 
Binocular Head is Reversible 116 N.E. 136th Ave., Portland, Ore. Tele.: ALpine 3-3990 
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SARGENT 





Paragraphs 


*Trademark Reg. U. S. Pat. Off. 


Designed and Manufactured by 
E. H. Sargent & Co. for all 
Polarographic Applications in 
Research and Control Analysis 





MODEL Ill MODEL XX!I POLAROGRAPH-—S-29303—Pen Recording, Po- 
tentiometric. The complete automatic programming, the com- 
bined visual indicator and chart recorder, and the wide flexibility 
in controls make it most convenient for both research studies and 
routine analytical applications. 


MODEL XIi POLAROGRAPH—S-29301—Photographic Re- 
cording, Indicating. An adaptation of the original Sargent- 
Heyrovsky Micro Polarograph, Model X. Recommended for use 
in routine analyses and research procedures where the step form 
departs from the theoretical, simple shape and is complicated by 
maxima, complex formation, presence of several different ions, 
irreversible reactions, etc. and where it is consequently necessary 
to have a continuously plotted polarogram. 


MODEL Ill POLAROGRAPH-—S-29290—Manual, Indicating. 
Recommended for use in those routine analyses where only one 
substance is determined and where the step shape approximates 
a pure form, characteristic of reversible reactions involving simple 
ions in fairly substantial concentrations. Also useful in the per- 
formance of amperometric titrations and for instructional pur- 
poses in educational institutions. 






Write for our 
booklet on 
Polarographs 
and Accessory 


MODEL XxXIl Equipment 





SARGENT. 4 
tYRoy 
POLAROGEAPH 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS @ APPARATUS @ SUPPLIES @ CHEMICALS 





E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS MODEL Xil 
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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ELECTRONIC HUMIDITY GAUGE 


REMOTE READING INSTANTANEOUSLY REACTING ELEMENT 


A new instrument, our electronic humidity 
gauge, incorporates the latest in electronic 
devices into an age old device representing a 
real advancement in the design of humidity 
gauges. This gauge is really an electronic in- 
strument, and places humidity indication 
within the field of instrumentation for the 
first time, by converting relative humidity 
into electrical energy. 

The DAIGGER gauge relates moisture to 
the resistance of a transistorized electronic 
circuit producing instantaneous reading on a 
scale calibrated directly in per cent relative 
humidity. 

Remote reading is possible up to 1000 feet. 
Because of the portability of the sensor and 
its electronic response the instrument is ex- 
tremely convenient even in inaccessible areas. 
This should make the instrument of interest 
to anyone working with radiation problems 
or poisonous materials. 

Whenever control and measurement of 
humidity is essential in chemical processes 
and in many biological techniques, this new 
electronic humidity gauge will prove of value. 
Catalog H9700 Electronic Humidity Gauge, 110 
volt, AC, complete with sensor, 5 foot connect- 
ing cord and 5 foot sensor cord ...... $97.50 


Sensor units are available with cords of 
any length between 6 and 1,000 feet. The 


DAIGGER RESEARCH e 


A. DAIGGER AND COMPANY 
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standard Humidity Gauge and the Controller 
each are sold equipped with a sensor with 
6 foot cord. 


Sensor unit with 25 foot cord is now a 
standard item. Sensor units with any length 
up to 1,000 feet are available upon order with 
a slight additional charge for the extra 
footage only. 


H9710 Sensor Unit with 25 foot cord and 
SAD. os ESC POAC cristo as ol $39.50 
H9800 Electronic Humidity Controller 

(not illustrated) 


Actuating mechanism for control] of rela- 
tive humidity. An instrument designed to 
control humidity electronically, this new 
“brain” unit was developed to relieve the 
operator of the problem of closely checking 
the humidity in any given area. The dial on 
the face of the controller allows setting at 
any selected relative humidity. The unit will 
then bring the relative humidity to the in- 
tended figure by electronically controlling 
whatever equipment is used. These units can 
be supplied with special dials preset at the 
factory upon special order at a slight addi- 
tional price. 


Suitable plugs are available on the unit to 
actuate either humidifiers or dehumidifiers. 


” H9725 Selector Switch 


Each master unit is equipped with two sig- 
nal lights operative above and below the 
instrument setting. This new unit should fill 
a definite void in both industry and the 
laboratory. Each controller is supplied com- 
plete with sensor unit and cord and plug 
ready for operation on a 110 volt 60 cycle 
AC line. 


H9800 Electronic Humidity Controller $135.00 
Further information on request. 


H9725 Selector Switch, 4 station, carried 
in stock for those interested in reading hu- 
midity in more than one location on a single 
electronic humidity gauge. The device works 
by plugging the sensor element into the se- 
lector switch and reading on the humidity 
gauge. Complete with cord and plug. 


These instruments are useful in scientific 
laboratories and industry including atomic 
radiation laboratories and installations, food 
industry, plastics, paper, textile, electronic 
and precision instrument manufacturers, bio- 
logical and pharmaceutical fields, public 
health departments, dairy industry, commer- 
cial testing laboratories, hospitals, clinical, 
agricultural processes, brewing industry, and 
wherever humidity is of any importance. 


TESTING 
LABORATORY CONTROL 
KINZIE AT WELLS, CHICAGO 10, ILL. * 
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Nuclear-Chicago offers complete new 
nucleonic laboratory instrumentation 


More than two years’ research went into the 33 a// 
new instruments that have been added to the Nuclear- 
Chicago line now offered to the small or large nucleonic 
research laboratory. Among these high-quality ad- 


vance-design instruments are many completely 





Model DS5-3P Scintillation Detector 
with exposed 2” x 2” sodium iodide 
crystal and 1B Model 132 Analyzer 
Computer for precision gamma-ray 
measurements using pulse-height dis- 
crimination techniques. 


Model DS5-5 Scintillation Well Counter 
with exclusive ‘‘scaler-spectrometer” 
circuit and 2B Model 1820 Recording 
Spectrometer for automatic quantita- 
tive energy separation of gamma-ray 
spectra, — 


Model 183B Count-O-Matic Binary 
Scaler, 3B Model C110B Automatic 
Sample Changer with Model D47 Gas 
Flow Counter, and 3 Model C111B 
Printing Timer for completely auto- 
matic changing, counting, and record- 
ing of as many as 35 soft beta emitting 
radioactive samples. 

















4A Model 3054 Manual Sample Changer with Model DS5 
Scintillation Detector which features interchangeable 
alpha, beta, or gamma sensitive crystals connected to 
Nuclear-Chicago's finest scaler, the 4B Model 192A 
Ultrascaler. Model 192A features decade scale of 10,000, 
one millivolt sensitivity, and precision automatic 
circuitry. 
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automatic counting systems. 


Whether you are just starting a modest radioisotope 
laboratory or expanding present facilities, call on 
Nuclear-Chicago. For complete details on the new 
Nuclear-Chicago line, write for our new Catalog ‘‘Q”’. 





Model 2612P Portable Survey Meter con- 
tains a 1.4 mg/cm? thin window G-M tube 
for surveying for alpha, beta, or gamma 
contamination up to 20 milliroentgens 
per hour. 


Model 2586 ‘‘Cutie Pie’’ features inter- 
changeable ionization chambers for 
measuring beta, gamma, or x-radiation 
up to 250 roentgens per hour. 


Model 1620A-S Analytical Count Rate 
Meter offers a wide choice of full scale 
ranges, four time constants, wide range 
high voltage supply. It is shown with a 
Model D34 thin window G-M tube and 
P11 probe for conti ing or 
analytical radioactivity determinations. 





nuclear - chicago 


co fr fF OO Ff a= Tt 


® 


o Ww 


237 WEST ERIE STREET + CHICAGO 10, ILLINOIS 
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THE NEW —ALZI/OL ZL BALANCE 
FILLS THE GAP 


The new METTLER multi-purpose balances have 
been designed to fill performance requirements 
not -hertofore covered by other balances of the 
METTLER line. They fill a gap between the 
METTLER analytical balances and the high- 
speed METTLER precision balances. 

The multi-purpose balances, designated in 
short as “H” balances, are built to weigh by sub- 
stitution. This is the basic principle of weighing 
which gives the user the best guarantee of accu- 
racy in his results. Operation is essentially the 
same as for the famous METTLER 
analytical balances. 

The multi-purpose balances are avail- 






able in three types. 

Type H-5 (illustrated) is designed for the 
analytical field. Capacity is 160 grams, precision 
0.1 mg. Weights are calibrated to within class 
S tolerances. 

Types H-4 and H-3 are built for control weigh- 
ings demanding a 1 milligram accuracy of the 
result. Total capacity is 160 grams. Time required 
for a weighing: 10 to 25 seconds, depending on 


. type of operation. 


Price: $550.00 to $650.00. 


Ask us today for complete descriptive 
literature of the 3 new multi-purpose 
balances. 


(«a 5) a 


INSTRUMENT CORPORATION 


HIGHTSTOWN, N.'d. 
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FINGERPRINT ORGANICS AT THE BENCH 


with Beckman IR-5 and IR-6 Infrared Spectrophotometers 


The unique identifying characteristics of many com- 
pounds—especially the organics—are best fingerprinted 
by infrared analysis. From the more than 1,000,000 
known chemical compounds, thousands of infrared 
spectra have already been obtained and cataloged for 
ready reference. Backed with this reference library, 
Beckman’s new low-cost automatic recording spectro- 
photometers—the double-beam IR-5 and the single-beam 
IR-6—now bring infrared to the chemist’s bench. 


IMPORTANT FEATURES IR-5 IR-6 
*Flat-bed recorder .......... Pe th cave acaceesoccus v v 
ee eS ee Oe Coe eee ¥ v 
*Hermetically sealed monochromator ................. ¥ v 
*Constant-circulating air dryer ...............ceceeeeee t v 
Simple push-button-type controls .............eeeeeeee a - 
Wavelength range: fingerprint band-2 to 16 microns.. “ v 
Optimum scanning speed: 16 min. for full scale ...... af off 
Pinpoint resolution: 0.03 at 10 microns ................ - ¥ 
pa SS ae Et ae 2b as | le es v 
BRE RB a Do | at dh. SIRES Se SR 
UMAR NC OMENS RUUEM CCL aes a 0 0 5.caFene Cds tins Smee eeccds ¥ 
is Ra RIMNNEIEs CRUMP VEIN CS eWat ec dc ccedbic videos s cccesccecs v 
Wall-plug power: 115/120 volt, 60 cycle................ ¥ ¥ 
Complete line of accessories ..............cccceeeeeeee v v 
*Exclusives tNot needed with double-beam 


RP. sh), 





new iti in engi 
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Beckman—producer of the versatile and popular IR-4 
—offers the IR-5 and IR-6 at one-third of big instrument 
prices. Emphasizing simplicity of operation, these new 
instruments maintain Beckman’s high standards in 
accuracy, reliability, and reproducibility. 

For rapid qualitative or quantitative analysis in re- 
search, education, or industry—the IR-5 and IR-6 are 
new tools for the chemist, extending his use of spectro- 
scopy beyond the range of ultraviolet and visible light. 


THE DOUBLE-BEAM 18-5. For rapid qualitative scanning. Accurate 
quantitative data made possible through use of a densitometer. 
THE SINGLE-BEAM 1R-6. Especially useful in routine quantitative 
analysis. Application to qualitative work is enhanced by com- 
pensated background feature. 


For typical IR-5 and IR-6 applications and a more complete 
story on infrared analysis, write for Data File L-33-38. 


Beckman: , a 
Scientific Instruments Division 
2500 Fullerton Road, Fullerton, California 
a division of Beckman Instruments, Inc. 


ing, manufacturing, technical marketing. Write for Career File 10. 








MAXWELL'S 


The Maxwell Organisation is recognised by librarians and book-buyers 
the world over as the leading and most reliable University and Industrial 
Booksellers. | Maxwell’s offer you and your library a unique, com- 
prehensive and tested service for publications from all countries. Your 
enquiry, large or small, will receive our immediate and courteous attention. 


Write today for this free descriptive booklet which 
gives you full details of the modern, up-to-date 
services designed by the Maxwell Organisation to 


MAXWELL C° i 


enhance the value of your library|information depart- 
ment as well as to save you time, trouble and expense. 





I. R. MAXWELL & CO. LTD. 


International University and Industrial Booksellers 
LONDON NEW YORK PARIS 

4-5 FITZROY SQUARE 122 EAST 55th STREET 24 RUE DES ECOLES 
LONDON, W.] NEW YORK 22 PARIS Ve 
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Meeting the Challenge 


It would be nice if the superlative feat of building an artificial moon to 
circle the earth were a matter only of scientific significance. Then, aside 
from proper honors to the responsible scientists and engineers and to the 
country that made their work possible, interest would center on the data 
to be contributed to the International Geophysical Year. But, under the 
circumstances of a continuing threat to our efforts to preserve world peace, 
the fact that the first space satellite was made in the Soviet Union and not 
in the United States becomes an important, perhaps a dominant con- 
sideration. 

Whatever the historical causes, the pervasive impression in this country 
has been that in science, and especially in something called “know-how,” 
the Soviet Union plays follow-the-leader to the more industrialized West- 
ern nations. At one level, we like to dwell on such items as the latest 
Russian cars, which, down to the very emblem of manufacture, look like 
nothing so much as American models of several years ago. At another 
level we like to think of Soviet espionage as Russia’s principle source of 
new scientific knowledge. At a third level, we like to think about Lysenko. 

This impression has needed correction, and its holders have now had a 
rude awakening in a completely convincing demonstration of. the excel- 
lence of Russian science and technology. The extent of the Soviet lead in 
those parts of physics, chemistry, metallurgy, and electronics that bear on 
rocket technology is not publicly known; it may or may not be known to 
our intelligence officers. But one piece of evidence was up in the sky on 
4 October 1957 for all to see and hear. Of course, not all Americans 
needed this demonstration. Mathematicians, experimental scientists, and 
engineers who have visited Russia in recent years have come home with 
complimentary accounts of what they saw. 

The success of the American response to the challenge implied by Soviet 
science and technology will be measured by something much more funda- 
mental than the speed with which this particular feat is matched. Both 
the U.S. and the U.S.S.R. are capable of great achievement, but neither 
is capable of simultaneous supremacy on all fronts. In the military sphere, 
the tremendous cost of developing new weapon systems places an all-en- 
compassing defense program beyond our means. Selection is essential. Our 
hope is that, if we cannot do everything in the way of conventional weap- 
ons, advanced weapons, and ballistic missiles, we can find the wisdom to 
select the right points at which to apply the full measure of our strength. 

There are various means in this country by which the executive and 
legislative branches of the government come to decide upon our best bets 
in allocating finite resources among competing needs. The use of scientist 
and engineer advisers in making some of these decisions will certainly in- 
crease, as will public attention to matters of science education and research 
support. It is not to our credit that these changes will come about as a result 
of Russian success, but it will be to our benefit if scientists and governinent 
administrators learn better how to work together in the grim gamesmanship 
of international diplomacy.—J. T. 











Before you ‘‘marry’’ ANY microscope... 


check these important features, bearing in mind that your day-after-day relation- 
ship will probably endure for years . . . for life, if you choose Bausch & Lomb. 


EASIEST TO MANIPULATE! 
Controls are conveniently grouped in easy “straight-line” order . . . relaxed hand- 
at-rest position. 
100% ILLUMINATION 
... for direct visual observation, photomicrography or micro-projection. Fast, 
easy interchange of pinocular and monocular bodies—for full light transmittance. 


MOST PRECISE FOCUS! 
Dynoptic ball-and-roller bearing design achieves—and holds—razor’s edge 
focus. Specimen remains in focus during orientation. 


STANDARD FUNCTIONAL DESIGN 
Internationally accepted operation for optical and mechanical efficiency. 
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Check this coupon, too, for further 
vital statistics on your lifetime com- 
panion in scientific achievement 





BAUSCH & LOMB OPTICAL CO. 
64222 St. Paul St., Rochester 2, N. Y. 


() Please send me informative data on the complete 
line of B&L Laboratory Microscopes. 
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Ultraviolet Television 


Color-Translating Microscope 


V. K. Zworykin and Fred L. Hatke 


Every advance in microscope tech- 
nique has been followed by comparable 
strides in biology and medicine. This has 
been true of the introduction of the light 
microscope, of the spectroscope, and of 
the electron microscope. We can thus 
hope that the ultraviolet television color- 
translating microscope, which adapts 
color vision to the viewing at high mag- 
nification of living cells illuminated by 
ultraviolet radiation, may also make a 
material contribution to biological re- 
search. 

It is well know that the chemical con- 
stituents of unstained living cells, though 
practically transparent to visible light, 
exhibit strong characteristic absorptions 
in the ultraviolet, particularly in the 
range from 2200 to 3000 angstroms (/). 
Thus, the recognition of structure in cells 
and tissue specimens is greatly facilitated 
by studying them under ultraviolet illu- 
mination. In the past, ultraviolet micros- 
copy has suffered from the drawback 
that photographic exposure and devel- 
opment was required to render the ultra- 
violet image visible. This difficulty was 
removed by the development of the 
ultraviolet television microscope, which 
permits the immediate and continuous 
observation of the specimen under ultra- 
violet illumination (2, 3). 

The ultraviolet television microscope, 
like the photographic ultraviolet micro- 
scope, yields a simple monochromic rep- 
resentation of the specimen, in which the 
half tones correspond to the relative 
over-all absorption of different portions 





Dr. Zworykin is an affiliate member of the 
Rockefeller Institute for Medical Research, New 


+ York, and honorary vice president of the Radio 


Corporation of America and technical consultant 
to the RCA Laboratories in Princeton, N.J. Mr. 
Hatke is an electronic engineer on the staff of the 
Rockefeller Institute for Medical Research. 
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of the specimen for the illuminating 
radiation. Brumberg (4) recognized at 
an earlier date that considerably more 
useful mformation would be conveyed 
by a color representation of the object, 
in which the relative intensity of the 
three primary components—red, green, 
and blue—would be proportional to the 
transmission (or absorption) of the speci- 
men at three selected ultraviolet wave- 
lengths. If the wavelengths are chosen 
to correspond to the characteristic ab- 
sorptions of specimen constituents of 
particular interest to the observer, this 
procedure makes optimum use of tri- 
chromatic vision to discriminate between 
the constituents. 

Brumberg’s idea was rendered prac- 
tical for photography through the devel- 
opment of catadioptric microscope ob- 
jectives (5-7) which were apochromatic 
over the entire range of the ultraviolet 
and visible spectrum (2200 to 8000 
angstroms). With these objectives, Land 
and his coworkers (8) were able to con- 
struct a photographic color-translating 
microscope which yielded excellent color 
pictures of biological specimens under ul- 
traviolet illumination. In Land’s system, 
three film frames were exposed succes- 
sively to the images of the object formed 
by ultraviolet radiation of three different 
wavelengths as delivered by a grating 
monochromator. These frames were de- 
veloped, fixed, and washed in a high- 
speed developing system and then pro- 
jected through the correlated red, green, 
and blue filters in superposition on a com- 
mon viewing screen. Both negative rep- 
resentation, in which the intensity of a 
given color corresponded to the absorp- 
tion of radiation of the correlated wave- 
length, and positive representation, in 
which the intensity corresponded to the 
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transmission of the same radiation, were 
studied. The most effective correlations 
are shown in Table 1. 

A color-translating ultraviolet micro- 
scope which follows Land’s instrument 
in its main outlines has been mar- 
keted by the Scientific Specialties Cor- 
poration (9). Negative representation is 
employed. Photographic processing de- 
mands only 25 seconds; hence, the delay 
between exposure and examination of the 
picture is minimized. The exposure time 
for the three selected wavelengths is ad- 
justed automatically to. compensate for 
differences between the light output of 
the monochromator and that of the 
source, a water-cooled, high-pressure 
mercury arc. 

As has already been indicated, some 
very good results have been obtained with 
the photographic method. Nevertheless, 
this method has certain obvious short- 
comings. The most important of these is 
the impossibility of scanning large quan- 
tities of material at high speed for the 
detection, for example, of abnormalities 
or features of special interest. Under 
such circumstances, a delay of half a 
minute between the viewing of adjoining 
microscopic fields would seem to be pro- 
hibitively long. Furthermore, although 
the obtaining of a permanent photo- 
graphic record of interesting specimen 
fields may be deemed an advantage, the 
necessity of obtaining such a record for 
every field examined is the opposite, 
both from the point of view of economy 
and from that of swamping the interest- 
ing material with records of little value. 

It is the aim of the ultraviolet tele- 
vision color-translating microscope to 
overcome these drawbacks by providing 
an instantaneous color representation of 
the specimen. With it, the examination 
of specimens in the ultraviolet can be 
carried out with the same speed and 
simplicity as examination in the visual 
range. Whenever a permanent record is 
desired, it can be obtained by color 
photography of the receiver screen (10). 


Construction 


The basic plan of the several types of 
television color-translating microscopes 
which we have constructed is shown in 
Fig. 1. A microscope with reflective con- 
denser and objective projects the image 
on the photosensitive target (or targets) 








of a television camera, whose video sig- 
nal is employed for the reproduction of 
an image of the specimen on the screen 
of a color receiver. Illumination is pro- 
vided by a pulsed light source incor- 
porating one or several monochromators 
and so arranged that radiation of the 
three selected ultraviolet wavelengths 
falls on the specimen at successive pulses. 
The pulse source also controls the verti- 
cal deflection in the camera and receiver 
in such fashion that the pulses of illumi- 
nation occur during vertical fly-back 
time, the picture signal stored by a radia- 
tion pulse of a particular ultraviolet 
wavelength being utilized for generating 
a component picture of the correspond- 
ing color in the succeeding frame period. 

The feature of the sequential illumi- 
mation of the specimen with ultraviolet 
radiations of different wavelength is com- 
mon to the several instruments described 
in this article. Sequential illumination is 
to be preferred to the alternative of illu- 
minating the specimen with unseparated, 
“white,” ultraviolet radiation and effect- 
ing the separation subsequently by beam 
splitters or filters, or both, since it re- 
duces the total exposure of the specimen 
to ultraviolet radiation and thus mini- 
mizes the chemical and _ biological 
changes effected by this exposure. Apart 
from this, there is considerable choice in 
the design of both the illuminating system 
and the camera. 

The camera tube may, in principle, 
employ either a photoconductive or a 
photoemissive target. The photosensitive 
material must, of course, maintain high 
response throughout the portion of the 
ultraviolet spectrum utilized and must 
be deposited on a base which is trans- 
parent to ultraviolet radiation. The ex- 
perimental ultraviolet-sensitive Vidicon, 


Table 1. Most effective correlations be- 
tween color and wavelength in negative 
and positive representation. 
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Table 2. Values of n, y, and Ad at se- 
lected wavelengths for a lens of focal 
length of 4.5 inches. 
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employing a photoconductive layer of 
amorphous selenium (//), which has 
been developed specifically for research 
applications, is particularly attractive 
since it combines a quantum yield of the 
order of 1 in the ultraviolet with sim- 
plicity of operation and compactness; it 
is interchangeable with the standard 
Vidicon employed in commercial indus- 
trial television equipment. Its spectral 
response is shown in Fig. 2. 

The ultraviolet-sensitive Vidicon ex- 
hibits a certain amount of lag—that is, 
the charge pattern on the target excited 
by exposure to radiation is not removed 
completely in a single scan, but persists 
for a fraction of a second, giving rise to 
after-images of rapidly decreasing intens- 
ity. Wherever this slight carry-over from 
one frame to the next is harmful, it be- 
comes advantageous to employ a camera 
tube effectively free from lag, such as 
the image orthicon, Experimental image 
orthicons with  ultraviolet-transmissive 
front ends and photocathodes of high 
sensitivity in the ultraviolet (Fig. 3) have 
been built to order for the television 
color-translating microscope. Their per- 
formance has been very satisfactory. At 
the same time, the higher cost and more 
complex auxiliary equipment demanded 
by these tubes makes it clearly desirable 
to use them only when freedom from lag 
and very high sensitivity are essential 
requirements. 

The illuminating system of the color- 
translating microscope may employ 
either a single light source or three light 
sources. Similarly, the camera may oper- 
ate on the field-sequential principle, em- 
ploying a single camera tube, or on the 
simultaneous principle, employing three 
camera tubes in parallel. The first tele- 
vision color-translating microscope, con- 
structed at the RCA Laboratories in 
Princeton, New Jersey (3), used a single 
pulsed light source and single Vidicon 
camera tube. A simple mechanical sys- 
tem was employed to select in turn radia- 
tion of three different wavelength ranges 
for illumination of the specimen. 

The method of wavelength selection 
was based on the fact that the focal 
points for a prism, monochromator with 
uncorrected collimator and_ telescope 
lenses made of the same material as the 
prism lie along a straight line which is 
oblique to the direction of the refracted 
pencils. If the entrance slit of the micro- 
scope illuminator is placed on_ this 
straight line, a plane mirror perpendicu- 
lar to the line will project the focal 
point for radiation of different wave- 
lengths onto the slit as it is displaced in 
a direction perpendicular to its surface. 

Figure 4 shows the application of this 
principle. A medium-pressure mercury 
arc lamp illuminated the entrance pupil 
of a 60-degree quartz prism monochro- 
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Fig. 1. General block diagram of television 
color-translating microscope. 
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Fig. 2. Ultraviolet response of experi- 
mental ultraviolet-sensitive Vidicon. 
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Fig. 3. Ultraviolet response of experi- 
mental ultraviolet-sensitive image orthi- 
con. 
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Fig. 4. Optical system of single-source 
television color-translating microscope. 
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mator provided with quartz collimator 
and telescope lenses, all cut perpendicu- 
lar to the optic axis. The mirror M con- 
sists of a rotating disk with three sectors, 
recessed by different thickness differences 
Ad. For a 60-degree prism, it may be 
shown that the glancing angle x formed 
at the mirror surface by the principal ray 
of radiation for which the index of quartz 
is n is given by 





4-n° 
a7 = 
Rot 
Furthermore, the relative displacement 
of the mirror surfaces is given by 
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where F is the focal length of the col- 
limator and telescope lenses for the 
median wavelength. Thus, for a lens 
focal length of 4.5 inches, we obtain the 
values shown in Table 2 for a system em- 
ploying 2537, 3130, and 4358 angstroms 
as the selected wavelengths. 

The monochromator tube, synchronous 
drive motor, sector disk, and microscope 
aré-shown in Fig. 5. The disk was ro- 
tated at one-third the frame frequency 
of the television system. Automatic phas- 
ing of the television system could be 
achieved by deriving a triggering signal 
for the vertical deflection from the inter- 
ruption of a light beam falling on a pho- 
tocell by the rotating disk. The signal 
levels for the three wavelength ranges 
were balanced empirically by masking 
the mirror sectors. 

Although the principle of color trans- 
lation could be readily demonstrated 
with this instrument, it had several short- 
comings. Perhaps the most obvious of 
these was the difficulty of changing the 
wavelength selection. Every change in 
wavelength demanded the insertion of a 
new sector mirror or plane parallel shim 
to adjust the height of the mirror sur- 
face. Furthermore, the fact that the 
angle of incidence of the illumination 
varied slightly with the wavelength made 
it very difficult to achieve color balance 
over the entire field. Finally, the lag of 
the experimental Vidicon employed in 
the instrument prevented the attainment 
of highly saturated colors. 

These and other drawbacks were over- 
come in a more elaborate television 
color-translating microscope constructed 
at the Rockefeller Institute for Medical 
Research in New York. The illuminating 
system of this instrument is shown in 
Fig. 6. Three Farrand grating mono- 
chromators with individual pulsed light 
sources permit arbitrary adjustment of 
the illuminating wavelengths by means 


‘of the calibrated knobs on the front panel. 


The cover for one of the sources, a 
Hanovia 10B1 quartz mercury arc lamp, 
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Fig. 5. Detail of single-source television color-translating microscope (RCA Laboratories). 


is removed in the illustration. The use of 
separate light sources has the incidental 
advantage that sources can be selected 
for high emission in particular wave- 
length ranges. Thus, for the shortest 
wavelengths, a Hanovia 250-watt xenon- 
mercury lamp is employed. 

The optical arrangement of the illu- 
minator is more clearly evident from the 
diagram in Fig. 7. The source is imaged 
by a quartz lens on the entrance slit of 
the monochromator, and the exit slit is 
imaged by a second lens onto the center 
of a rotating 45-degree mirror which 
directs the illuminating radiation into 
the microscope substage, an {/3.5 aper- 
ture ratio being maintained throughout. 
The amplified vertical pulses from the 
synchronizing generator of the television 
system are applied through contact 
brushes on slip rings attached to the mir- 
ror stage to the three thyratron circuits 
feeding the light sources in succession, 
triggering a light flash at the instant 
when the principal ray from the mono- 
chromator and the normal to the rotat- 
ing mirror surface lie in a common ver- 
tical plane. Synchronism between the 
mirror rotation and the synchronizing 
generator is assured by deriving control 
signals for the synchronizing generator 


from the mirror stage commutator. Fine 
adjustments of the monochromators 
make it possible to make the mechanical 
phase differences for the three illuminat- 
ing units precisely 120 degrees. 

The circuit arrangement for sequential 
camera operation, with a single camera 
tube, is shown in Fig. 8. The output sig- 
nal of the camera is applied in parallel 
to the red, green, and blue video am- 
plifiers of the color receiver. However, a 
set of three bistable multivibrators con- 
nected in a ring are driven by vertical- 
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Fig. 6. Illuminating system of television 


color-translating microscope with three 
separate sources (Rockefeller Institute). 
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deflection timing pulses in such fashion 
that only one of the three gun cathodes 
of the RCA 21AXP22-A color kinescope 
has a negative bias applied to it in any 
one ficld period (1/60 second), the other 
two being driven to cut-off. Thus, the 
video signal for successive fields modu- 


lates the red, green, and blue scanning 
beams in turn, in such fashion that a 
component picture of a»particular color 
is generated in the field period following 
the exposure of the camera tube target 
to an image formed by ultraviolet radia- 
tion of the correlated wavelength. 
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Fig. 7. Illuminating system. 
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Fig. 8. Block diagram of television color-translating microscope at Rockefeller Institute 


for Medical Research. 
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Timing control for the entire system 
is provided by the commutator sector 
mounted on the rotating stage for the 
45-degree mirror. This sector is con- 
nected both to a direct-current source 
and to a pulse amplifier deriving sharp 
timing pulses 1/60 second apart from the 
synchronizing generator. Thus, a narrow 
pulse riding on top of a broad square 
pulse is applied, in 1/20-second inter- 
vals, to each of the brushes. This signal 
is divided three ways. For timing con- 
trol, the signal is passed through low- 
pass filters which remove the spike and 
smooth the square pulses, after which 
it is added to the similarly smoothed 
outputs of the other two brushes. A 
band-pass filter selects the 60-cycle com- 
ponent of the sum, which is phase-com- 
pared with the vertical synchronizing 
pulses delivered by the synchronizing 
generator. The output of the phase com- 
parator is then employed to lock the 
synchronizing generator to the rotation 
of the 45-degree mirror. 

A second current path from the 
brushes contains a clipper, which clips 
off the narrow timing pulses and applies 
them to the appropriate junction be- 
tween a pair of the multivibrators, gat- 
ing the beam currents in the color kine- 
scope. 

The third path provides the triggering 
pulses for the ultraviolet source circuit, 
which is shown schematically in Fig. 9. 
A 12-kilovolt pulse for starting the lamp 
is obtained from a sawtooth generator 
and an output tube feeding into an auto- 
transformer. In addition, the synchroniz- 
ing pulse is amplified and applied to a 
thyratron grid to provide a low-imped- 
ance path for a condenser discharge 
through the lamp. Finally, a low-voltage 
“keep-alive supply” maintains continu- 
ous current through the arc lamp. Thus 
the ionization within the arc lamp is 
maintained above a certain minimum 
level, thereby stabilizing the position of 
the arc and eliminating random delays 
between the discharge through the lamp 
and the application of the trigger pulse. 

A view of the complete television 
color-translating microscope is shown in 
Fig. 10. The optical microscope, the 
image orthicon camera, and the black- 
and-white test monitor are mounted on a 
desk, whose central drawer space con- 
tains the illuminating system. Power sup- 
plies are housed in the drawer space to 
the left. The color monitor is a modified 
RCA color receiver. 

The objective and the substage con- 
denser of the microscope are identical 
catadioptric objectives corrected for dif- 
ferent thicknesses of quartz; all the re- 
maining lenses of the illuminating sys- 
tem are simple quartz lenses maintaining 
an {/3.5 aperture ratio. The slit image 
in the plane of the 45-degree mirror is 
imaged by a pair of these lenses into the 
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Fig. 9. Ultraviolet-source circuit. 


entrance pupil of the substage condenser, 
which, in turn, images one of the lens 
surfaces in the specimen plane. With this 
arrangement, the illumination sweeps 
across the image plane as the 45-degree 
mirror is rotated. Thus the precise phas- 
ing between the light flashes and the mir- 
ror position afforded by the described 
circuits is essential for realizing color 
balance throughout the image field. 


Performance 


_ Within the short period during which 
the instrument has been in use, it has 
been applied to the study of a number of 
simple preparations, all of them un- 
stained and unfixed. The possibility of 
studying living materials at high mag- 
nifications, without the introduction of 
artifacts resulting from chemical inter- 
ference, may be regarded as one of its 
primary advantages. Protracted studies 
of tissue specimens—for example, mouse 
connective tissues—have revealed no vis- 
ible structural changes resulting from the 
ultraviolet irradiation employed; para- 
mecia, tetrahymena, and amebas, simi- 
larly, showed no change in behavior or 
motility, whereas ameboid slime-mold 
cells tended to be immobilized after 
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Fig. 11. Red cell of frog blood and oscillograms representing transmission at three ultra- 
violet wavelengths along selected scanning line. 
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about 2 minutes of irradiation at 2650 
angstroms, and rotifers exhibited a defi- 
nite negative tropism. 

Cell preparations frequently reveal 
fine details, such as “chromatin” gran- 
ules in protoplasm, which are not visible 
with illumination by visible light. The 
major absorptions are generally due to 
nuclear or protein materials, so that, in 
many preparations, only nuclei appear 
strongly colored. In addition, pigments 
such as hemoglobin or chlorophyll, pre- 
sent in too small concentrations to im- 
part appreciable coloration to a speci- 
men, give rise to striking color contrasts 
in the ultraviolet color-translating micro- 
scope; thus the streaming of protoplasm 
and cyclosis of chloroplasts become 
readily visible. 

Particular chemical compounds with 
characteristic ultraviolet absorptions are 
readily detected by correlating critical 
ultraviolet wavelengths with the primary 
colors. Knowing the absorption coeffi- 
cients of the materials in question, we 
can even obtain quantitative estimates 
of their concentrations at any point of 
the specimen. For this purpose we em- 
ploy a line-selecter oscilloscope to select 
a particular horizontal scanning line and 
represent the variation of the video sig- 
nal along it in the red, blue, and green 
channels on separate cathode-ray tubes. 
This is illustrated in Fig. 11, which shows 
a nucleated red cell of frog blood. In the 
original picture, photographed from the 
color monitor, the nucleus appears 
orange, the hemoglobin, yellow, and the 
white corpuscles, purple. A white line 
through the center of the red blood cell 
indicates the location of the selected line. 
The three oscillograms show the variation 
of the video signal for the three selected 
ultraviolet wavelengths and thus give an 
indication of the concentration of the 
principal absorbing materials along the 
selected line. Quantitative measurements 
by this means would of course require 
density step-wedge calibration. 

The fact that, in the television color- 
translating microscope, practically any 
chemical differences can be translated 
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Fig. 12. Simultaneous color camera for 
television color-translating microscope. 
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Fig. 13. Sector-disk illuminator for tele- 
vision color-translating microscope. 


into color differences can make it a valu- 
able tool in the rapid diagnosis of any 
disease whose onset is characterized by 
intracellular chemical changes. The de- 
tection of small quantities of a specific 
absorbing material can be further facili- 
tated by modulating the gun cathode bias 
for the color channel correlated with the 
absorbed wavelength at a low frequency 
(of the order of 1 cycle per second), 
since the eye is very sensitive to the re- 
sulting flicker. 


Modifications 


An immediate improvement consid- 
ered for the construction of the instru- 
ment is the replacement of the quartz 
lens in the illuminating system by quartz- 
fluorite achromats. This should eliminate 


the need for readjustment of the optical 
system of the illuminator with changes 
in wavelength selection and should lead 
to more nearly identical illumination at 
the three wavelengths. 

A second change under consideration 
is the replacement of the single-image- 
orthicon camera by a three-Vidicon cam- 
era, as indicated schematically in Fig. 
12. The beam of radiation from the mi- 
croscope is directed successively to the 
“red,” “green,” and “blue” Vidicon— 
all of them, of course, of the experimen- 
tal ultraviolet-sensitive type—by a pair 
of coupled sector disks synchronized with 
the vertical deflection; in Fig. 12, the 
shaded areas represent minor surfaces, 
while the clear areas transmit incident 
radiation unhindered. With such an ar- 
rangement, the camera becomes a simul- 
taneous camera, and a standard simul- 
taneous color monitor can be employed 
to view the picture. Vidicon lag no 
longer has an adverse effect on color 
purity (except in the viewing of objects 
in rapid motion), but merely serves to 
reduce flicker effects observed in the re- 
produced picture. 

A similar system of sector disks (even- 
tually rigidly coupled to those in the 
camera) may be employed in the illu- 
minator to direct radiation from the 
three monochromators into the substage 
of the microscope (Fig. 13). This system 
possesses the advantage of rendering the 
timing of the pulsing of the light sources 
relatively uncritical and of achieving ex- 
act optical superposition of the three 
illuminating sources (12). 


The Maser 


A Molecular Amplifier for Microwave Radiation 


Electrical amplifiers in use today 
usually employ the motions of charged 
particles in electric or magnetic fields, 
as in vacuum tubes and transistors, or 
some nonlinear macroscopic property of 
matter, as in the case of the magnetic 
amplifier. An altogether different method 
of amplifying electrical signals is by 
stimulated emission of radiation. A de- 
vice which uses this principle is called a 
maser (rhymes with razor). The word 
was coined by Townes and associates at 


W. H. Culver 


Columbia University from the words 
microwave amplification by stimulated 
emission of radiation (1). 

The maser principle was suggested by 
Weber in 1953 (2) and again independ- 
ently by Bassov and Prokhorov in 1954 
(3). The idea was used in a microwave 
spectrometer by Gordon, Zeiger, and 
Townes in 1954 (4). Within about the 
last year a large number of papers have 
been published on the subject, analyzing 
the theory and proposing new ways of 
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incorporating the idea into practical de- 
vices (5-17). 

Although the concept of this method 
of amplification is only a few years old, 
and although its successful embodiment 
into an instrument that can be used out- 
side the laboratory awaits further devel- 
opment, its promise for future applica- 
tions has aroused great interest, in many 
technical fields. The main reason for this 
is that masers can operate with very low 
internal noise, much lower than the noise 
of the microwave amplifiers presently 
used. Thus, masers offer the possibility 
of greater ultimate sensitivities in the 
fields of radio astronomy, communica- 
tions, and radar. Microwave spectrom- 
eters using the maser principle have al- 
ready established their usefulness. Masers 
can be designed to oscillate at a very 
stable frequency, thus providing a basis 
for very accurate time standards. 

The development of the maser was 
made possible by recent research in 
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microwave spectroscopy. It is a very 
dramatic example of the unpredictable 
contributions made by basic research to 
many fields of technology. 


Principle of Operation 


The way in which a maser amplifies 
an electrical signal must be described in 
terms of the interaction of individual 
atoms and molecules with electromag- 
netic fields. Atoms and molecules can 
possess different amounts of internal 
energy which are determined by their 
electron configurations. They can exist 
for appreciable times only in a definite 
set of configurations called “stationary 
states,” each of which is characterized 
by a definite internal energy. In gen- 
eral, an atom may not possess arbitrary 
amounts of internal energy, for only 
energies associated with the stationary 
states are allowed. In free atoms and 
molecules, and also sometimes in atoms 
in a solid, the allowed energies, called 
energy levels, are narrow, discrete levels 
separated by ranges of unallowed ener- 
gies. 

Under certain conditions an atom in 
one state may interact with its environ- 
ment, losing or gaining the correct 
amount of energy to allow it to make a 
transition to another state. The amount 
of energy exchanged is just that re- 
quired to make up the difference in in- 
ternal energy of the atom in the initial 
and final states. 

An atom can lose or gain energy by 
interaction with an electromagnetic wave 
or by interaction with other atoms. It 
may also change spontaneously to.a state 
of lower energy by emitting a photon of 
electromagnetic radiation of energy AE 
and frequency v= AE/h, where AE is the 
difference in energy between the initial 
and final states, and A is Planck’s con- 
stant. 

A very general thermodynamic argu- 
ment due to Einstein proves that P,4,, 
the probability that radiation will induce 
an atom that is in state A to make a 
transition to state B, is equal to Pp4, the 
probability that the same radiation will 
induce an atom in state B to make a 
transition to state A. From quantum 
mechanics we find that such a transition 
is likely only when the frequency of 
the radiation is nearly equal to the dif- 
ference in the energy of the two states 
divided by h—that is, 


|Ea = Ep| = hvas 
When electromagnetic radiation induces 


a transition in which the atom gains 
energy, this energy is taken from the 


- electromagnetic wave. Likewise, when 


the radiation induces’ a transition in 
which the atom loses energy, this en- 
ergy is added to the electromagnetic 
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Fig. 1. Electrostatic focusing system for 
NHs molecules. 


wave. This addition to the electromag- 
netic wave is in the form of one photon 
of frequency v4g that is coherent with 
the exciting wave (has the same phase, 
direction, and polarization). 

When matter is in thermal equilib- 
rium, the number of atoms in the ith 
state is proportional to 


e-B/kT 


where E; is the energy of the ith state, 
k is the Boltzmann constant, and T is the 
absolute temperature. Thus, the number 
in the state goes down exponentially with 
an increase in the energy of the state. If 
state B has greater energy than state A, 
the ratio of the number of atoms in the 
two states will be 


hvas 


kT 





Ns/Na=e 


If material in thermal equilibrium is 
irradiated with an electromagnetic wave 
of the proper frequency, the number of 
induced transitions that absorb energy 
from the wave is given by N4P4,, while 
the number of induced transitions that 
take energy from the atoms and give it 
to the wave is 

hvan 


NsPxa= NaPas= NaPase ‘T 
Thus, if the atoms are in thermal equi- 
librium at any temperature T, there are 
more atoms in the lower state than in 
the upper state, and therefore there are 
more transitions from the lower state to 
the upper than there are in the reverse 
direction. This means a net absorption 
of energy from the radiation by the ma- 
terial. However, if by some means the 
thermal equilibrium can be destroyed in 
such a manner that there are more atoms 
in state B than in state A, there will be 
a net loss of energy by the atoms and 
an amplification of the power in the 
electromagnetic wave. This is the prin- 
ciple of operation of the maser ampli- 
fier. 

In order to make a maser that will 
amplify an electromagnetic wave of a 
given frequency, it is necessary to find 
an atom or molecule with energy levels 
separated by the proper energy and be- 
tween which the probability of induced 
transition, P, p, is sufficiently large. Then 


it is necessary to use some trick to get 
more atoms in the upper state than in 
the lower state. Finally it is necessary to 
provide a method by which the electro- 
magnetic energy can interact with the 
material. Because of the very low noise 
level possible in this type of amplifier, it 
would be desirable to build it to operate 
at all frequencies from low-frequency 
electrical signals up to optical frequen- 
cies. However, it appears that the neces- 
sary requirements for maser operation 
can be met only in the microwave region 
of the spectrum. This is due in part to 
the need for resonant cavities to increase 
the interaction of the material with the 
radiation. A number of ingenious masers 
have been built or proposed. We will in~ 
vestigate the problems of making masers. 
by discussing some of them. 


Molecular Beam Maser 


The original maser built at Columbia 
University by Gordon, Zeiger, and 
Townes used ammonia gas as the work- 
ing substance. The two energy levels of 
the ammonia molecule used were the 
“ground” level, the lowest energy level 
of the molecule, and an energy level 
lying slightly above it. The energy 
separation of these levels is such that 
transitions between them are caused by 
microwave radiation with a frequency of 
24,000 megacycles per second or a wave- 
length of 1.25 centimeters. 

The method used to obtain an excess 
of ammonia molecules in the upper state 
was to separate physically the molecules 
of the two states and discard the mole- 
cules that were in the lower state. This 
was accomplished by making use of the 
Stark effect, the change in energy of these 
two states when they are placed in an 
electric field. When an ammonia mole- 
cule is placed in an electric field, the 
energy of the lower state is lowered and 
the energy of the upper state is raised. 
Thus there will be a force on a molecule 
in the lower state that is in the direction 
of the gradient of the electric field 
strength, while there will be a force that 
is in the direction opposite to the gradi- 
ent of the electric field strength on a 
molecule that is in the upper state. 

The ammonia molecules issue from a 
source into an evacuated chamber in a 
well-collimated beam. This beam is di- 
rected down the axis of an electrostatic 
focusing system made of four or more 
electrical conductors that are made alter- 
nately positive and negative as shown in 
Fig. 1. In such a configuration the gra- 
dient of the electric field strength is away 
from the center of the beam. Thus mole- 
cules in the upper state are pulled in to- 
ward the beam axis while those in the 
lower state are expelled outward from 
the beam, and physical separation of the 
molecules in the two states is accom- 
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plished. Molecules in the upper state are 
allowed to flow into a microwave cavity 
that is resonant at 24,000 megacycles per 
second. 

If microwave energy of this same fre- 
quency is fed into the cavity, it will in- 
duce transitions of the ammonia mole- 
cules from the upper state to the lower 
state, releasing photons of microwave 
energy. Although the radiation can also 
induce transitions in the reverse direc- 
tion and thereby absorb microwave 
energy, there are so few molecules pres- 
ent in the lower state that this seldom 
occurs. Thus, on the average, energy from 
the molecules is added to the energy of 
the electromagnetic wave. If this gain in 
energy is greater than the electrical losses 
in the cavity, more microwave energy can 
be taken from the cavity than is supplied 
to it. Thus the microwave signal has been 
amplified. 

The gain of such an amplifier is pro- 
portional to the probability that the in- 
put radiation will stimulate the emission 
of a photon of radiation. This probability 
is of course proportional to the excess 
number of molecules in the upper energy 
level over the number in the lower energy 
level. It increases as the Q of the cavity 
increases because the higher electromag- 


netic energy density in a cavity of higher 
Q interacts more strongly with the am- 
monia molecules. (The Q of a cavity is 
the ratio of the energy stored in the cav- 
ity to the energy dissipated during each 
cycle of oscillation. ) 

If the gain of the amplifier is high 
enough so that input radiation is not re- 
quired to make up for electrical losses in 
the cavity, the maser will act as a micro- 
wave oscillator. It will give a microwave 
output even without a microwave input. 
Since the frequency of oscillation is de- 
termined primarily by the spacing of the 
energy levels of the ammonia molecule, 
there is very little frequency drift due to 
macroscopic changes in the maser. The 
frequency of such an oscillator has been 
observed to have a random drift of only 
one part in 1018 in a period of two hours 
(17). (The limit of stability of a tem- 
perature-stabilized quartz oscillator is 
about one part in 10°.) 

The power output of the ammonia 
maser amplifier is low—of the order of 
10-1° watt. Because of the sharpness of 
the ammonia energy levels, these ampli- 
fiers also have a very narrow bandwidth 
—of the order of a few kilocycles per 
second or less. The only advantage they 
have over conventional amplifiers is that 
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Fig. 2. Energy-level diagram showing energy levels and transitions in an “optically 
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they have much lower internal noise and 
can therefore amplify much weaker sig- 
nals, 

Noise in masers comes from several 
sources. Two sources of noise that can be 
illustrated with ammonia masers are 
given below. If the walls of the cavity 
can absorb microwave radiation, then, 
from general equilibrium considerations 
(Kirchoff’s Law), they will also emit 
similar radiation. The rate of emission 
can be calculated from the black-body 
formula if the temperature and emissiv- 
ity of the walls are known. if the emis- 
sivity is low the emission from the walls 
will be much less than it is from a black 
body at the same temperature. This radi- 
ation contributes to the background 
against which a signal must stand out. 

Another source of noise in masers is 
spontaneous emission of microwave pho- 
tons by molecules in the upper state. The 
probability of a free atom or molecule 
radiating spontaneously is proportional 
to the cube of the frequency of the radi- 
ation. Although a free atom may emit 
an optical photon spontaneously in 10-8 
second, the spontaneous radiation of a 
microwave photon in a molecular beam 
maser is usually very improbable com- 
pared with the probability of stimulated 
emission by the input signal. This is not 
necessarily true for some types of masers 
considered below in which cooperative 
effects of many atoms may increase the 
probability of spontaneous emission (18). 


“Negative-Temperature Maser” 


A second type of maser uses a method 
to obtain an increase in population in the 
upper state similar to that used by Pur- 
cell and Pound in obtaining “negative 
temperatures” (19). In this method the 
atoms used are placed in a magnetic field 
B, where the ground state will split up 
into a number of magnetic sublevels of 
different energy. The energy of the ith 
sublevel with respect to its zero field 
value is given by 


Ei =wogMiniB 


where ty is the Bohr magneton (this is 
a constant equal to 9.27x 10-2! erg/ 
gauss), g is the Lande g factor, and M,; 
is the component of the total angular 
momentum of an atom in ith state in 
the direction of the magnetic field in 
units of h/2x. When thermal equilibrium 
is established, the number of atoms in 
each level becomes proportional to 
e-8;/k?, Now if the direction of the 
magnetic field is suddenly reversed, the 
value of ‘M,,‘for each state is suddenly 
multiplied by - 1. A state that previously 
had energy E; now has energy — E;. Thus 
the population ©f each of these states is 
proportional ‘to e*®i/*7, the distribution 
they would have according to the Boltz- 
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mann formula for a temperature of -7;; 
hence the term negative temperature. 


Thus we have the condition for maser 


operation—namely, a greater number of 
atoms in the upper states than in the 
lower states. 

The negative-temperature maser has 
the advantage over the ammonia maser 
that, when it is used as an amplifier, it 
can be tuned to a different frequency 
range. Varying the magnitude of the 
magnetic field varies the energy-separa- 
tion of the energy levels, and hence, the 
frequency of operation. Inhomogeneities 
in the magnetic field and in the natural 
breadth of the energy levels of many of 
the substances which might be used 
would also increase the bandwidth over 
that of the ammonia maser. 

This type of maser has two main dis- 
advantages. Since its gain decreases ex- 
ponentially as the atoms approach ther- 
mal equilibrium, it is necessary to re- 
charge the energy source periodically. 
Thus the operation of the maser will be 
intermittent. In addition, a very low 
temperature is required in order to ob- 
tain a large population difference be- 
tween the states. For this type of maser 
the noise due to spontaneous emission 
may be relatively important (78). 


“Optically Pumped” Maser 


A third class of masers uses the method 
of optical pumping (20, 21) to excite the 
atoms of the working material into an 
upper energy level. A simplified example 
of the optical-pumping process as ap- 
plied to sodium is illustrated in the 
energy-level diagram in Fig. 2. The 
energy levels produced by the interac- 
tion of the nucleus with the electronic 
structure of the atom are neglected here, 
for they only complicate the problem 
without changing its basic character. 

The familiar yellow lines in the spec- 
trum of the sodium atom are produced 
by transitions from 2P,,2 and *P, /. states 
to the ground 2S, ,. state. When a sodium 
atom is placed in a magnetic field, each 
of these levels splits up into sublevels as 
shown in the diagram. The frequency 
that causes a transition between the 
M,=1/2-and M,;=-1/2 sublevels into 
which the ground state splits is 5.6 mega- 


cycles per gauss of the applied magnetic: 


field. The optical-pumping process is 
used to obtain an-excess: population in 
the upper of these two levels, and thus it 
permits a maser to operate between them. 

If circularly polarized light from a 
sodium lamp is directed into the sodium 
vapor in the maser along the direction of 
the applied magnetic field, the light is 
absorbed by the sodium atoms in the 
ground levels and excites them into one 
or the other of the 2P levels. Because of 
the circular polarization of the light, only 
transitions in which M, changes by +1 
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are allowed (see Fig. 2). These excited 
atoms spontaneously emit a light photon 
and drop down to one of the 2S levels. 
The allowed spontaneous transitions are 
those for which M, changes by +1 or 0, 
as indicated in the diagram. It can be 
seen by following through the allowed 
transitions that atoms in the lowest 2S 
level may be “pumped” into the upper 
2$ level, but once an atom is in the upper 
level it cannot get back to the lower level 
by this process. In this way the number 
of atoms in the upper level can be in- 
creased over the number in the lower 
level. 

Attempts to make a maser of this type 
have thus far been unsuccessful because 
the excess number of atoms in the upper 
state could not be made large enough. 
A slightly altered technique being ap- 
plied by Wolfgang Franzen at Arthur D. 
Little, Inc., promises to be more suc- 
cessful. 


Solid-State Maser 


The most successful maser amplifiers 
developed so far have been solid-state, 
three-level masers. The method of opera- 
tion was first proposed by Bassov and 
Prokhorov (5) and was developed in 
greater detail by Bloembergen (7). 

The use of a solid in a maser has the 
advantage of providing a much greater 
density of participating atoms. The oper- 
ation is made more complicated and in 
some instances is hampered by the inter- 
actions of the participating atoms with 
the lattice of the crystal. 

Although most solid materials have 
broad energy bands rather than sharp 
levels, there are some atoms, notably 
those of the transition and rare-earth 
elements, that possess levels that are nar- 
row enough to be used in masers. The 
position of these levels is influenced by 
the environment of the atom in the crys- 
tal. These levels may be split into a 
larger number of levels, and their posi- 
tion may be altered by application of a 
magnetic field. 

The method proposed by Bassov and 
Prokhorov and by Bloembergen for ob- 
taining more atoms in the upper of two 
energy levels is as follows. Consider three 
unevenly spaced energy levels of an atom 
in a crystal as shown in Fig. 3. If the 
energy levels are in thermal equilibrium, 
the number of atoms in levels B and C 
will be 


hvan 


kT 





and 


hvac 


qe 


times the number in level A. If the ma- 
terial is then exposed to intense radia- 
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Fig. 3. Energy-level diagram showing en- 
ergy levels and transitions in a solid-state 
maser. 


tion of frequency V4g a new equilibrium 
will be established in which there are the 
same number of atoms in the two levels 
A and C. The number of atoms in level 
B can be either less than or greater than 
the number in levels A and C, depending 
upon the relative transition probabilities 
between the three levels. These transition 
probabilities are determined by the inter- 
action of the atoms with the crystal lat- 
tice and are very much greater than the 
spontaneous transition probabilities of a 
free atom. We will use the notation Wy 
to denote the probability that a lattice- 
induced transition from state i to state j 
will occur. 

If Woz» W a4, the population of level 
B will be in thermal equilibrium with the 
population of state C above it. Thus 
there will be more atoms in state B than 
in state A, and it will be possible to oper- 
ate a maser at frequency v4p. Likewise, 
if Wy4 >» Wop, it will be possible to oper- 
ate a maser at frequency Vo. 

Solid-state masers are operated at 
liquid helium temperatures (4°K and 
below) for several reasons. First it should 
be noted that the maximum population 
difference Nz —N,, and hence the maxi- 
mum gain, is achieved when the ratio 
N2/N, is as large as possible. The maxi- 
mum value this ratio can have is 


hvac 


kT 





This is possible when state B is in 
thermal equilibrium with state C. 
Thus it is desirable that ~the ratio 
Vac/T should be large. Unfortunately 
Veo must be less than the frequency Vg 
at which power to operate the ‘maser is 
delivered. Since k/h = 2.1 x 10%°, the ra- 
tio Nz/N¢ is only e when Vgg is 20,000 
megacycles per second and the tempera- 
ture is 1 degree Kelvin. Because suffi- 
ciently powerful sources of microwave 
energy are not available at frequencies 
above 30,000 megacycles per second, it is 
necessary to operate this type of maser 
at a very low temperature in order to 
realize its maximum gain. 

Although the gain of a maser is pro- 
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portional to only Ng-WNy, and is not a 
function of the total number of atoms of 
the active material present, fluctuations 
in the gain result when the total number 
of atoms is large (22). Thus, if we wish 
to achieve the ultimate performance 
from the maser, we cannot compensate 
for the gain lost by using a warm crystal 
simply by using more material. 

Another important reason for operat- 
ing solid-state masers at low tempera- 
tures is that the desired low values for 
the lattice-induced transition probabili- 
ties have been achieved only at low 
temperatures. If these transition proba- 
bilities are increased, more power is re- 
quired to maintain the equilibrium of 
population densities that permit maser 
operation. If these transition probabili- 
ties are high, they also contribute to the 
noise level of the amplifier. 

In spite of all the difficulties asso- 
ciated with the design and operation of 
a solid-state maser, successful amplifiers 
of this type have been constructed at Bell 
Telephone Laboratories by Scovil, Feher, 
and Seidel (13) and by J. W. Meyers at 
the Lincoln Laboratory of Massachusetts 
Institute of Technology. The Bell Labo- 
ratory maser, which uses a gadolinium 
atom in a crystal of gadolinium ethyl sul- 


fate, operates at about 9000 megacycles 
per second. The more recent solid-state 
maser operating at the Lincoln Labora- 
tory uses chromium atoms in a potassium 
chrom cyanide crystal and operates at 
2800 megacycles per second. It amplifies 
linearly up to an output of 10-° watt with 
a maximum output of 10° watt. The 
amplifier has gains of 40 decibels and 
10 decibels with bandwidths of 25 and 
500 kilocycles per second, respectively. 
The noise temperature of the amplifier 
has been estimated conservatively to be 
under 100°K. 

We can expect considerable progress in 
the field of solid-state masers. Research 
into the properties of solids will reveal 
new materials with more suitable proper- 
ties. A better understanding of the effects 
of different lattice structures and of mag- 
netic fields upon the position of energy 
levels and upon transition probabilities 
is needed. If more is known about the 
characteristics of very high energy states 
in crystals, perhaps some form of optical 
pumping can be used in a solid-state 
maser, thus removing some of the reasons 
for the present unfortunate requirement 
that it be operated at a very low tem- 
perature. This is a field where clever in- 
vention has played as important a part 


Finding Chemical Records 


by Digital Computers 


Louis C. Ray and Russell A. Kirsch 


The National Bureau of Standards and 
the United States Patent Office are ac- 
tively collaborating in a long-range pro- 
gram to develop and. apply automatic 
techniques of information storage and 
retrieval to problems of patent search. 
An important preliminary phase of this 
program has been the carrying out of 
experiments with methods for locating 
information in large files of technolog- 
ical and scientific information. 

In the granting of United States pat- 
ents, it is necessary for patent examiners 
to refer to collections that may, in prin- 
ciple, contain from 10® to 107 docu- 
ments. When an examiner conducts a 
literature search to determine whether a 
patent application represents a novel 
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idea, which then must be tested against 
established criteria for patentability, he 
must search insofar as possible through 
all literature in the public domain that 
might possibly contain any information 
pertinent to the given application. It has 
been estimated that 60 percent of the 
time spent by ‘an examiner in process- 
ing a patent application is devoted to 
searching the technical literature. In an 
attempt to reduce this expenditure of 
time, the National Bureau of Standards— 
Patent Office group has considered, 
among other techniques, the use of auto- 
matic data-processing systems. 

By an automatic data-processing sys- 
tem (ADPS) is meant a collection of 
machines, usually but not necessarily 


as basic research, Certainly no one can 
predict what part new inventions will 
play in the future. 
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electronic in nature, which have the 
ability to process information in accord- 
ance with internally stored programs 
and which can perform a whole data- 
processing task involving the use of data- 
storage facilities of diverse natures with- 
out the necessity for manual interven- 
tion. The system also includes devices 
for the preparation of input data and the 
reproduction of output data. SEAC, the 
NBS Electronic Automatic Computer, is 
an automatic data-processing system; it 
has been used in successful preliminary 
experiments wherein a collection of over 
200 descriptions of steroid compounds is 
exhaustively searched to answer typical 
questions that may occur in evaluating 
patent applications for new chemical 
compounds. This article (1) describes 
some theoretical ideas on the use of auto- 
matic data-processing systems for litera- 
ture searching; these ideas have resulted 
from experiments in searching through 
chemical information. 

In considering any attempt to automa- 
tize the searching of technical literature 
in the U.S, Patent Office, it must be re- 
membered that the historical nonauto- 
matic or manual method of searching 
which is presently in effect at the Patent 
Office utilizes the best intellectual efforts 





The authors are on the staff of the Data Process- 
ing Systems Division, National Bureau of Stand- 
ards, Washington, D.C. 
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of some 8000 examiners highly trained 
in diverse technologies and in the legal 
aspects of isolating significant informa- 
tion from large technical files. Conse- 
quently, there is no a priori reason to 
believe that there is any single over-all 
solution to the literature-search problem 
in the Patent Office which will function 
as effectively as this trained corps of 
examiners. With this consideration in 
mind, one area of the inventive arts was 
selected for initial experimental investi- 
gation in the hope that empirical solu- 
tions in that area could be put into pro- 
ductive operation. A bonus from the 
solutions has been the development of 
theoretical and experimental techniques 
which should prove applicable to the 
searching of technical literature in other 
areas with which the Patent Office is 
concerned. 

The area selected for initial experi- 
mental investigation was that of “Com- 
position of Matter”—that is, patents gen- 
erally concerned with what may loosely 
be classified as chemistry. This area was 
recommended for initial investigation by 
the Advisory Committee on the Appli- 
cation of Machines to Patent Office 
Operations (2). Chemists have for a 
long time been concerned with informa- 
tion retrieval, and it was hoped that use 
could be made of some of the tech- 
niques that the chemists have developed. 
As it turned out, the experimental results 
obtained took advantage of a technique 
of chemistry that, historically, was prob- 
ably not developed for the purpose of 
information retrieval—namely, the use 
of chemical structural diagrams for de- 
scribing the chemical nature of matter. 

It is of paramount importance to 
realize that in using automatic tech- 
niques for the retrieval of technical in- 
formation, no more informaticn can be 
obtained from a file than that infor- 
mation which is represented in the file 
according to a well-defined notational 
scheme. Because the method of repre- 
senting chemical structures in diagram- 
matic form has just such properties, it 
was decided to experiment with the use 
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Fig. 2. (Left) Structure of brucine. (Right) it of codeine. 


of SEAC for searching through files of 
chemical structure diagrams in response 
to search requests fed into the machine. 


Searching Chemical Structures 


Structure search problem. In the Pat- 
ent Office, the examiners in the chemical 
arts have frequent need for performing 
generic searches through structure dia- 
grams. As an example, it can be seen 
that the fragment structure which is given 
in Fig. 1 is contained in the two com- 
pounds brucine and codeine shown in 
Fig. 2. Unmarked vertices in the struc- 
tures are understood to represent carbon 
atoms (C). Notice that the six-member 
ring with the nitrogen {N) occurs in 
codeine even though the diagram of 
codeine indicates the ring in a distorted 
manner. We can say that the two com- 
pounds shown in Fig. 2 share the generic 
property of containing this fragment. 
Some of the experiments performed on 
SEAC were concerned with developing a 
method for performing generic searches 
of this type through a file of structures 
taken from the art of steroid chemistry. 

Structure search routine. The Patent 
Office search requires an unambiguous 
coding system in which any combination 
of atoms and bonds can be represented 
for purposes of retrieval. The traditional 
coding system (3) is not suitable for 
mechanized search because a given com- 
pound can be represented in conceptu- 
ally different ways and because the sys- 
tem is so complex that it can be used 
only by a trained chemist. Opler (4) of 
the Dow Chemical Company has devel- 
oped a code for use in machine searching. 
This code is flexible, but it is not suit- 
able for Patent Office searches because 
it does not represent the most fundamen- 
tal units of the chemical structure, the 
atoms and their bonds which are directly 
required in many typical patent searches. 
An example of a code suitable for ma- 
chine searching was described by Mooers 


in the “Zatopleg” (5) system of cipher- 
ing structural formulas. Mooers’ method 
of representing compounds provided the 
basis for representing the input data in 
the SEAC structure search routine de- 
scribed below. Methods for actually 
searching such data had to be developed. 

In the system used on SEAC, each 
atom in a structural diagram is numbered 
serially in arbitrary order. One unit of 
computer storage, called a word, is given 
to each atom to represent its position in 
the structure. In each word are listed 
the numbers of the other atoms, up to 
four, that are attached to the atom rep- 
resented by the word, The element sym- 
bol and the serial number of the atom 
are also placed in the word. Thus each 
atom word has six fields; the serial num- 
ber of the atom, four connections fields, 
and an element symbol. 

As an illustration, consider the com- 
pound, chloral, shown in Fig. 3. The cod- 
ing would proceed as follows: 

First, the atoms and all bonds other 
than single bonds are numbered in any 
arbitrary order as shown in Fig. 4. Then, 
a list of the connections to each com- 
ponent of the structure is made, as 
shown in Table 1. Finally, the element 
symbol of the atom the word represents 
is put in each word, as shown in Table 2. 

The list (Table 2) represents the com- 
plete code for the structure. The struc- 
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Fig. 3. Structure of chloral. 
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815 








ture may be easily drawn by using the 
code. The code for any structure is not 
unique since, by numbering the atoms in 
some other arbitrary order, a different 
code would be obtained. It may easily be 
seen, however, that all the possible codes 
are equivalent, 

It is desired to search a file of coded 
structures for all structures which are 
identical with some compound in ques- 
tion or which have some generic prop- 
erty in the sense previously defined. To 
do this, the SEAC search program tried 
to make an atom-to-atom match between 
the atoms of the structure in question and 
the atoms of the first structure recorded 
in the file. Each match that is made is 
considered as tentative by the program 
until the search through the first file 
structure is completed. Whenever failure 
to match is discovered by the program, 
the program tries to go back to the pre- 
vious match to make a new match. If 
the program finds that all possible first 
matches lead to irreconcilable mis- 
matches, it will reject the first file struc- 
ture and proceed on to the next. When 
a one-to-one correspondence exists be- 
tween each of the atoms of the question 
and the atoms of part of the file structure 
that is being examined, the routine ac- 
cepts the structure by printing on the 
computer output an indication of which 
structure was found. The search routine 
continues this process until the whole 
file has been searched. 

The details of the search routine are 
given in the flow chart in Fig. 5. The 
symbols used in the chart are defined as 
follows: I, II, III, and IV denote the 
four connection fields in each atom 





word; Q; is a question atom word; F, is 
a file atom word; N, is a temporary stor- 
age location for question atom words 
matched with corresponding file atom 
words (R); R; R; is a temporary storage 
location for file atom words matched 
with corresponding question atom words 
(N); « denotes fields of R (it can equal 
I, II, III, or IV), and 6 denotes fields 
of N (it can equal I, II, III, or IV). 
Standard flow-chart terminology in com- 
puter program is used. 

Use of Screens. As fast as a high-speed 
electronic computer is, the fact remains 
that performing a detailed search of the 
type described would be altogether too 
time-consuming unless some short-cuts 
could be devised which would in no way 
compromise the exhaustiveness or acu- 
racy of the search, while speeding up the 
process greatly. A technique is needed 
that will enable the automatic data- 
processing system to perform what is for 
the machine a cursory inspection of 
small pieces of data in such a manner 
that most structures that will not satisfy 
the search requirement will be rejected 
immediately. Such a technique is called 
a “screen” or a “screening device.” It is 
essential that a screening device should 
never cause a structure to be rejected 
which does, in fact, meet the search re- 
quirement. It is acceptable, however, if 
the screen allows some structures to be 
considered further by the structure search 
routine even though they are subse- 
quently rejected as failing to meet the 
search requirement. 

By now, it will have become obvious 
to any chemist that one such useful screen 
is inherent in the empirical formula of 
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a chemical structure, In other words, by 
storing in the file, along with a descrip- 
tion of the chemical structure, a list of 
the number of occurrences of each atom 
in the structure, it is possible to find out 
whether there are enough atoms of the 
right type present to satisfy the search 
requirement. This screen was incorpo- 
rated into the SEAC search program and 
on most searches it enabled the computer 
to reject quickly the vast majority of 
structures that would otherwise have 
been rejected only after a long compu- 
tational procedure. 

Other screens that were considered but 
not experimented with would make use 
of topological properties of the chemical 
structures. One such simple screen spe- 
cifies the number of rings within the 
structure. Obviously, if one were search- 
ing for some generic structure having, 
say, three benzene rings, a structure hav- 
ing even 500 atoms in it could not con- 
tain the one being searched for unless 
there were at least three rings some- 
where within the 500-atom structure. 

Other topological properties that could 
serve as screens would be the longest non- 
self-intersecting path that could be traced 
through the structure, and a count of the 
number of atoms with each of the pos- 
sible valences. However, these topologi- 
cal properties were not investigated ex- 
perimentally. 

The important properties to be sought 
for in devising screens for any type of 
searching, chemical or otherwise, are 
that the screens must be substantially in- 
dependent of one another and that they 
must have universal applicability to all 
documents in a collection. These prop- 
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erties are never completely achieved in 
practice, but they can be approached 
when the search is limited to narrowly 
defined subject matter. 

Grouping of Information. In deciding 
upon a method for representation of 
structure diagrams for search by the 
automatic data-processing system, it was 
necessary to decide what data about a 
structure diagram would be represented 
in the code as it was stored in the ma- 
chine file. Certainly an atom-by-atom 
description would give a completely gen- 
eral and flexible method for representing 
chemical information. But a difficulty 
arose in certain of the chemical arts 
where the distinction between one chem- 
ical and the next is very slight in the 
atom-by-atom description. On the other 
hand, very useful discrimination among 
the members of such a class could be 
made by including in the description cer- 
tain characteristics that were peculiar to 
that particular class. The problem here is 
one that is undoubtedly a characteristic 
of systems for coding information wher- 
ever the information assumes diverse 
forms—namely, how much generality 
shall be sacrificed in order to provide a 
high degree of discrimination in certain 
isolated areas of the collection where 
most of the documents contain similar 
information. 

A solution to the problem that is prac- 
tical if ADPS searching is to be used, but 
which is probably not practical for use 
with simpler systems (for example, 
punched cards) is to have special coding 
systems applicable for certain documents 
in a collection. These coding systems 
serve as adjuncts to one (or more) coding 
system which describes the entire collec- 
tion. If, in searching through a collection, 
the screening devices fail to reject a doc- 
ument for which a special coding system 
is applicable, then special instructions 
are automatically made available to the 
automatic data-processing system to en- 
able it to search the codes for a special 
document in terms of the special coding 
system being used. It is quite practicable, 
when searching with an automatic data- 
processing system, to have documents 
scattered through a collection that have 
been described with special coding sys- 
tems not generally used for the whole 
collection. This technique becomes costly 
of machine searching time only when the 
number of such special documents is so 
large that it becomes necessary for the 
machine system frequently to call up its 
auxiliary instructions to handle the spe- 
cial coding situation. 

With these considerations in mind, 
some special coding methods suggested 
by the Patent Office were used for cod- 
ing structures in the steroid chemical art. 


‘These coding rules permitted fine dis- 


tinctions to be made between various 
compounds in the steroid art, even 
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Table 1. List of connections to each com- 
ponent of the structure shown in Fig. 4. 








_Component No. Connections 
1 2 
2 3 
3 2, 4, 6 
4 3 
5 6 
6 3,7, 8,5 
7 6 
8 6 


Table 2. Complete code for the structure 
shown in Fig. 4. 











Com- 
) . Element 
ponent Connections 
No. symbol 
! 2 O 
2 1,3 —= 
3 2, 4,6 re 
4 3 H 
5 6 Cl 
6 $57,835 C 
; 6 Cl 
. 6 Cl 





though the coding rules depended upon 
certain chemical structure properties 
which were quite peculiar to the steroid 
art and, therefore, inapplicable for 
searching other types of chemical struc- 
tures. 


Use as an Information-Retrieval 


System for Other Purposes 


The experiments and theoretical con- 
siderations thus far described have been 
concerned with the use of the automatic 
data-processing system as a tool for ac- 
tually performing a search through a file 
of information (in this case, chemical in 
nature). However, the use of automatic 
data-processing systems in retrieval of 
information extends considerably beyond 
the activity of actual searching. This sec- 
tion describes the use of such machine 
systems for processing data as part of an 
over-all information-retrieval system. 

Checking data, It is evident that the 
file of information through which a 
search will be performed must be pre- 
pared without error, for any error in a 
recorded piece of information represents 
the loss of some information from the 
file. In the experiments with retrieval of 
chemical structures, the original file was 
prepared by the Patent Office in the 
form of about 2500 punched cards that 
described about 250 chemical structures. 
Since one of the features of the coding 
scheme used was its lack of reliance upon 
chemical knowledge for encoding struc- 
tures, a group of punched-card typists 
were given the set of 250 pictures de- 


scribing the structures to be encoded. 
The operators read the pictures and 
punched the descriptions on cards with- 
out the intervention of any supervision 
from a chemist. As was to be expected, 
there were some cards out of the 2500 
that contained errors, and the problem 
was to find the errors and correct them. 

Since the data were ultimately to be 
used as input to SEAC, they were first 
transcribed from punched cards onto 
magnetic wire (which was the principal 
SEAC input-output medium at the time 
of the tests described). Then a program 
was written for SEAC to take these data 
from the wire and check them. It is im- 
portant to note that this data-checking 
program was entirely unrelated to the 
subsequent SEAC search program. The 
data were checked for internal con- 
sistency and for their adherence to the 
coding rules that had been established. 
The result was that about 50 punched- 
card errors were caught and that a copy 
of those parts of the file containing no 
errors was produced. This expurgated 
file could then have been used by another 
machine. If the coding system had been 
of suitable nature, other simpler mecha- 
nisms could have done the searching 
through data that had been checked by 
the automatic data-processing system. 

Here, then, is an example of the use 
of an automatic data-processing system 
as part of an information-retrieval system 
although the machine system need not 
serve as the searching device. In prepar- 
ing a large file for occasional use, where 
the cost of a large machine system would 
not justify its use as a searching tool, the 
machine system might still profitably 
serve the function of checking the initial 
data to be entered into the system. 

Transliteration. Another function that 
an automatic data-processing system can 
serve as part of an information retrieval 
system is that of transliterating data to 
be entered into the system from the 
forms that are most convenient for man- 
ual preparation of the data into forms 
more suitable for searching by machine. 
In the structure search experiment, the 
data to be used by SEAC had to be ar- 
ranged in a certain format for most effi- 
cient utilization of the SEAC memory 
space. This format was sufficiently com- 
plicated that the punched-card opera- 
tors could not be expected to prepare 
the data in that format with any reason- 
able speed or accuracy. Consequently, a 
program was written for SEAC which 
accepted data in a format convenient for 
the punched card operators and trans- 
literated the data into the form desir- 
able for SEAC searching. 

Again we have an example of the use 
of an automatic data-processing system, 
not for searching, but in this case for 
transliterating data from one form into 
another. It should be noted that both the 
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input data for this transliteration pro- 
gram and the output produced by the 
machine followed completely rigorous 
rules of organization and arrangement. 
The automatic data-processing system 
was converting data from one well-de- 
fined coded form into another. The fact 
that this can be done readily with an 
automatic data-processing system should 
not lead one to the conclusion that data 
expressed in some natural language (for 
example, English) can be translated by 
machine inte a coded form suitable for 
machine search. The problem of machine 
translation is a formidable one to which 
much effort is being devoted (6) both in 
the United States and elsewhere. What 
is claimed here is that the comparatively 
simple problem of transliterating from 
one code into another can be conveni- 
ently handled by an automatic data- 
processing system. 

Another example of transliteration by 
SEAC which is the subject of some cur- 
rent experiments is its use for generating 
chemical structure descriptors for use by 
a simpler searching machine. It has been 
suggested by Mooers (7) that, for pur- 
poses of retrieval, complex structures 
such as chemical diagrams can be repre- 
sented in terms of a list of, say, all the 
triples of atoms and bonds occurring 
within the structure. Thus, chloral (Fig. 
3) would be described as consisting of 
combinations of the triples in the follow- 
ing list: CI—C; C—C; —C—; —C=; 
C—H; C=O. 

A simple search mechanism perform- 
ing simple comparisons between similar 
types of triples in the search request and 
the file could retrieve complex structures 
without the necessity of doing the com- 
plex processing of data of the type per- 
formed by the structure search routine 
described earlier. It is not within the 
scope of this article to discuss the merits 
of such a search system. However, this 
example is mentioned to demonstrate 
that an automatic data-processing system 
can generate the N-tuple descriptors 
from a complete representation of the 
structure. If a large file of chemical 
structures is to be searched by a very 
simple mechanism using Mooers’ N-tuple 
descriptors, the original file may be pre- 
pared in, for example, the form required 
for the SEAC structure search routine. 
It is then a fairly straightforward job to 
program SEAC to generate the N-tuple 
descriptors and consequently to produce 
as output a transliterated file all pre- 
pared for searching by more simple 
mechanisms. 

Some present SEAC experiments are 
devoted to generation of the N-tuple de- 
scriptors from the file of steroid com- 
pounds previously described. It is in- 
tended, then, to run comparative tests 
on a file of chemical structures coded 
according to the two coding schemes. Any 
results obtained from such a comparison 
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Fig. 6. Structure with alternatives. 


Fig. 7. Intermediate dummy element. 
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Fig. 8. (Top) Structure included in Fig. 
7. (Bottom) Structure not included in 
Fig. 7. 


will be less significant, however, than 
the fact that such an experiment demon- 
strates the feasibility of simulating on 
a large automatic data-processing system 
the searching procedure of a simpler 
mechanism for purposes of comparative 
evaluation, 

Exploration of complex logical situa- 
tions. In retrieval of information from 
Patent Office files, it often occurs that 
complex logical conditions must be im- 
posed upon either the question or the 
file. A simple example of the way in 
which an automatic data-processing sys- 
tem can handle complex interrelation- 
ships occurs in the search for alterna- 
tive patent disclosures. 

It is quite common for an inventor to 
describe his invention in the following 
form: A plus B plus any one of the fol- 
lowing three, C, D, or E, plus any one 
of the following three, F, G, or H. The 
elements C, D, and E are alternatives 
for each other, as are the elements F, G, 
and H, and any one of the first group 
may possibly be combined with any one 


of the second group for purposes of an- 
ticipating a subsequent patent claim. 
However, if someone were to claim the 
combination A+B+C+D, the patent 
described would not be relevant since 
C and D are disclosed only as alternatives 
for each other. It is desirable to be able 
to use a search machine that will not 
accept a patent like the first one de- 
scribed when searching for the latter. 

One solution to this problem that has 
been proposed but does not appear to be 
practical is to code the alternative type 
of disclosure separately as each of the 
several types being described. Thus 
A+B+ one of (C, D, E) + one of (F, 
G, H) would be represented by 3 x 3=9 
separate entries. In many real situations 
a number in the thousands would de- 
scribe the number of possible combina- 
tions claimed in a chemical patent. 

Another method for handling this type 
of situation on SEAC was suggested by 
the Patent Office; this method made use 
of the structure search routine. By the 
introduction of certain dummy elements 
into the chemical structure, several alter- 
native structures could be coded in one 
large pseudo-structure. If the alternative 
structure of Fig. 6 is to be coded, it can 
be represented as shown in Fig. 7, where 
X (inside the circle) represents a dummy 
element. It can be seen that Fig. 8a is 
contained in the pseudo-structure of Fig. 
7, but that Fig. 8b is not. 

The handling of this complex type of 
alternative search is possible on an auto- 
matic data-processing system but difficult 
on a simpler mechanism. In a large infor- 
mation-retrieval system it may be possible 
to use simpler mechanisms than an auto- 
matic data-processing system for search- 
ing until a complex logical situation such 
as the alternative search arises, in which 
case the file may be made available to 
the automatic data-processing system for 
more complete searching. 

There are other complex logical situa- 
tions that arise in Patent Office searching 
for which it is not yet possible to an- 
nounce experimental solutions. One par- 
ticularly difficult one occurs when there 
is a reference that is complete except 
for a minor substitution of some com- 
ponent, A for the desired component B 
and when, in an entirely separate patent, 
there is a statement attesting to the 
equivalence of A and B for the function 
concerned, It is often desirable to retrieve 
such a partly incomplete reference in 
conjunction with the reference stating 
equivalence. To date, however, no gen- 
eral solution to this problem is known. 


Conclusions 


The problems in information retrieval 
mentioned here have certainly been 
known to serious workers in the field for 
some time. Only recently, however, have 
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automatic data processing systems be- 
come sufficiently available to be consid- 
ered as possible tools in an information- 
retrieval system. Thus the SEAC experi- 
ments indicate the practicality of using 
automatic data-processing systems for 
scanning a file of information at high 
rates. However, many mechanisms con- 
siderably simpler than an automatic 
data-processing system can also do such 
scanning, and the question remains open 
about the comparative advantages of an 
automatic data-processing system and 
simpler mechanisms for the actual proc- 
ess of looking at a properly organized 
file. In some retrieval situations, most 
notably in the Patent Office, the problem 
is of sufficient magnitude and complex- 
ity that the power of an automatic data- 
processing system to do more than just 
scan a file appears at first inspection to 
be a requirement. Where the machine 
system seems to offer a unique contribu- 
tion is in the off-line jobs. For such func- 
tions as preparing a search prescription, 
editing a file, eliminating errors, trans- 
literating from one code to another, 


exploring complex logical conditions im- 
posed on the question and file, and prob- 
ably many others, the automatic data- 
processing system offers the outstanding 
virtues of high speed and great versatil- 
ity. Thus it is possible to use SEAC not 
only to test the utility of an automatic 
data-processing system for the Patent 
Office retrieval problem but also to study 
the performance of other devices by 
simulating them on SEAC. In the com- 
puting machine field it is a well-known 
phenomenon that machine users discover 
many new applications of these machines 
while they are in the process of using 
them. It is hoped that the experiments 
on SEAC will serve a similar purpose. 
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Electronically Controlled 


Respirator 


Randolph Batson, L. H. Montgomery, 
L. H. Beisel, David McCroskey, Sam L. Clark 


The mechanical control of artificial 
respiration is customarily dependent 
upon devices regulated by an operator 
who adjusts the machine to supply an 
appropriate gas mixture, usually room 
air, at a previously determined rate, ve- 
locity, and volume. Although known 
norms and the reactions, subjective de- 
sires, and reflexes of the subject may be 
used to determine the effectiveness of the 
respiratory exchange, and although peri- 
odic chemical analyses of blood may offer 
further checks upon this, the patient or 
experimental animal has no direct con- 
trol over the apparatus even though his 
nervous mechanisms are largely intact. 
Prolonged artificial respiration without 
frequent measure of arterial oxygen satu- 


. ration, carbon dioxide tension, and blood 


pH may result in states of hyper- or 
hypoventilation. 
The constant use of respirators by 
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many patients with varying degrees of 
muscular paralysis following poliomyeli- 
tis emphasizes the need for some arrange- 
ment that would be less under outside 
control and more dependent upon the 
patient’s normal physiological needs at 
any one moment. With this objective in 
mind, experiments were undertaken (J) 
to test the possibility of using the actual 
output of an animal’s respiratory center 
as the source of impulses which would, 
through an appropriately designed elec- 
tronic device, control mechanical respi- 
rators (2). 

The first experiments were directed 
toward the utilization of the regular 
bursts of nerve impulses put out through 
the phrenic nerve in order to activate 
the diaphragm during the inspiratory 
phase of respiration. Because of technical 
difficulties, this plan was abandoned 
when it was found easier and more desir- 


the Zator Co., whose helpful comments were 
derived from experience with related concepts 
in the field of information retrieval. The incen- 
tive to start on the computer search of chemi- 
cal structures arose out of discussions with 
Ascher Opler of Dow Chemical Co. regarding 
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vision of the National Bureau of Standards who 
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described here are Catherine E. Lester and 
Ethel C. Marden, who wrote the data-editing 
programs for SEAC, and Mary E. Stevens and 
Edwin K. Woods. 


2. “Report to Secretary of Commerce by the Ad- 
visory Committee on Application of Machines 
to Patent Office Operations,” 22. Dec. (U.S. 
Dept. of Commerce, Washington, D.C., 22 
Dec. 1954), p. 37. 
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Enumeration System for Organic Compounds 
(Longmans, Green, London, ed. 2, 1949); 
Anonymous, “Which notation,” Chem. Eng. 
News 33, 2838 (1955). 


4. A. Opler, “A topological application of com- 
puting machines,” Proceedings of the Western 
Joint Computer Conference, 7~9 Feb. 1956, pp. 
86-88. 


5. C. N. Mooers, Ciphering Structural Formulas 
—the Zatopleg System (Zator Co., Cambridge, 
Mass., 1951). 


6. W. N. Locke and D. Booth, Machine Transla- 


tion of Languages (Technology Press, Cam- 
bridge, Mass., 1955). 

7. C. N. Mooers, “Information retrieval on struc- 
tural content,” in Information Theory (Aca- 
demic Press, New York, 1956), pp. 121-134. 


able to use potentials that accompany 
muscular contraction. Primary muscles 
of respiration such as the diaphragm or 
intercostals were found to be most effec- 
tive in triggering the electronic device, 
but even minor accessory muscles such 
as the platysma or the small dilator of 
the dog’s ala nasi have been used suc- 
cessfully, supplying effective control of 
respiration over periods of more than 48 
hours in animals with high spinal tran- 
sections. Successful control of respiration 
in anesthetized animals for many hours 
at a time has been readily obtained with 
needle electrodes in the ala nasi, the in- 
tercostals, or the diaphragm. Decerebrate 
cats have been maintained as long as 4 
days without difficulty under electronic 
respiratory control. 


Electronic Circuit 


The electronic equipment was de- 
signed as shown in Fig. 1. It functions in 
the following way. Potentials from the 
muscle are picked up by 1- by 2-inch 
nickel silver electrodes on the surface of 
the skin or by needle electrodes im- 
planted in the muscle and passed through 
an R-C filter to the input amplifier tubes. 
This stage of amplification is balanced 
so that it cancels in-phase voltages and 
amplifies the voltage difference between 
the two active electrodes. The combina- 
tion of high-pass filter and degenerative 
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Fig. 1. Electronic circuits used to control the respirator. 


input amplifier is quite effective in re- 
ducing artifacts (such as electrocardio- 
graph potentials, stray 60-cycle-per-sec- 
ond, and other noise frequencies) to a 
value that is easily tolerated. The gain 
of the amplifier is adjusted to the opti- 
mum point by the attenuator between 
the first and second stages. By tuning the 
output of the second stage, the discrimi- 
nation against interference may be fur- 
ther increased. 

The filtered signal voltage is further 
amplified by the third stage, which feeds 
into an integrator circuit. The integrator 
produces a control voltage which is 
roughly proportional to the action poten- 
tials of the muscle in use. The integrated 
signal voltage is then further amplified 
by a d-c amplifier stage which in turn 
controls the action of the normal opera- 
tional relay. 

In the amplifier units designed for ex- 
perimental use, a relay which operates a 
rotary solenoid valve controls the flow 
of air to and from the respirator. To pro- 
vide an extra margin of safety, a monitor 
is included in the units intended for clini- 
cal use. This is designed to take over 
within defined limits the control of the 
respiratory cycle if the amplifier unit 
operation exceeds normal limits for the 
patient involved. Monitoring is accom- 
plished by using an electrically heated 
wire, the thermal expansion of which is 
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used to operate a contact-making lever. 
On this unit, when the normal operation 
relay contact closes for the inspiratory 
phase, a position relay which controls the 
solenoid valve also energizes a trans- 
former that furnishes the heating current 
for the monitor expansion wire. The 
heating of this wire causes the lever to 
move away from the minimum respira- 
tion contact. During the expiratory and 
resting phase of the respiratory cycle, the 
current is shut off, and therefore the wire 
cools, causing the contact lever to float 
back in the direction of the low contact. 
Under normal operation the contact lever 
will float in the mid-scale range. In the 
event of muscle spasm, cessation of re- 
spiratory impulses; electronic failure, or 
other malfunction that might cause the 
equipment to remain on the inspiratory 
phase for an unduly long period, one of 
the range contacts will close, reversing 
the position relay and setting up an auto- 
matic respiration cycle which will con- 
tinue until the patient resumes his nor- 
mal efforts to breathe, or until the 
malfunctioning of the equipment is cor- 
rected. At this time the control of respira- 
tion automatically returns to the patient. 

The basic principles involved in the 
design of this equipment have been car- 
ried over to the development of transistor 
models (3) which are planned for use 
with portable equipment and in situa- 


tions (such as operating rooms) where 
the sparking contacts of the relays in the 
tube-type of equipment would be hazard- 
ous. In the experimental model a cath- 
ode-ray oscilloscope is customarily used 
to view the potentials used in the activa- 
tion of the respirator. 


Operation and Use 


In the operation of the electronic re- 
spiratory control, some low frequency 
muscle potentials were sacrificed in order 
to obtain the smaller high-frequency com- 
ponents that are in a more desirable sig- 
nal to noise ratio. The muscle potentials 
used exceed those of the artifacts in this 
mid-audio-frequency range. It was found 
desirable to make the amplifier tunable 
over the range from 100 to 1000 cycles 
per second since it was observed that the 
most reliable obtainable frequencies 
varied from patient to patient, being de- 
pendent upon the distribution and in- 
volvement of the neuromuscular units 
under investigation. The most trouble- 
some interference, including the electro- 
cardiographic potentials, is eliminated by 
filtering out frequencies below 100 cycles 
per second. Experience with the appa- 
ratus has shown that only a small per- 
centage of the available potential has 
been required. It has also been observed 
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that animals appear to “learn” ‘that the 
activation of the muscle being used is 
necessary to operate the electronic con- 
trol; at least there is observed to be im- 
provement in the process with use, in 
any individual experiment. 

A sufficient number of experiments 
upon dogs have been performed to prove 
the efficacy of the device in allowing the 
animals’ neurological and biochemical 
mechanisms to control their own respi- 
ratory needs. Through the electronic con- 
trol, the animals used in the experiments 
made very rapid readjustments and 
quickly regained relatively normal blood 
values after the experimenter had by in- 
terference brought about for brief inter- 
vals extreme stages of hyper- and hypo- 
ventilation (4). 

To date, experience with patients has 
been confined to testing the apparatus on 
partially paralyzed individuals who could 


stay out of a respirator for part of a day 
and who were interested in cooperating 
with the investigation. These patients 
have relied upon the electronic control 
for their respiration for periods of more 
than 24 hours at a time while under con- 
stant observation. This included long 
periods of normal sleep. During the time 
of use it was not necessary to adjust the 
skin electrodes or the controls of the 
electronic circuit. 

The apparatus has been successfully 
used in both patients and animals to con- 
trol pressure in tank and cuirass respira- 
tors, and to control pressure changes di- 
rectly through the airway as in patients 
with masks and animals with intratra- 
cheal tubes. 

It is obvious that this apparatus has 
other potentialities than its use with par- 
tially paralyzed patients. Already it has 
been used to map surviving muscles in 


Integrating Device for 


Use with Potentiometers 


W. Keith Hall, Gustave Sill, Court L. Wolfe 


An automatic recording potentiometer 
embodies a paper chart which is driven 
at constant speed in the y direction. Mo- 
tion in the perpendicular x direction is 
accomplished by a potential which is 
usually simply related to a quantity 
which varies as a function of time and 
whose relationship to time is of interest. 
If, as in the case of gas-phase chroma- 
tography, the motion in the x direction 
is proportional to concentration, then the 
integral under the traced curve is pro- 
portional to the total amount—that is, 


ee) 
Total amount = ¢ J, x dt 


Similar and analogous situations exist in 
other types of work, such as spectros- 
copy, where the areas are required for 
quantitative analysis. 

The use of gas-phase chromatography 
in research and in process control has 
been undergoing revolutionary develop- 
ment over the past several years (J). In 


- some respects, this has altered the basic 


approach toward research. For example, 
the development of the microcatalytic 
technique (2, 3) in this laboratory has 
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accelerated catalytic research to such a 
degree that measurement of the chro- 
matograms has become the slow step. 
That a similar situation exists in other 
laboratories is evidenced by the fact that 
it has become almost customary to eval- 
uate these chromatograms by simply 
measuring peak heights rather than peak 
areas, in spite of the fact that this is an 
approximation and one that is particu- 
larly poor in the case of broad and as- 
symmetrical peaks. Further, as noted 
earlier (3), one of the advantages of the 
chromatographic technique in the study 
of catalytic reactions is that the experi- 
menter can obtain semiquantitative esti- 
mates of the results of an experiment as 
the experiment progresses and may be 
guided in his choice of the next step by 
the results already in hand. It was read- 
ily recognized, therefore, that even this 
situation could be improved if actual 
quantitative numbers were used to re- 
place the visual estimates. It was on this 
basis that the development of the instru- 
ment described in this article was under- 
taken. Specifications for an integrating 
mechanism were drawn as follows: 

1) The device was to operate in con- 


such patients. As a laboratory aid in 
physiological research, it may be of ad- 
vantage in studying problems dealing 
with neuromuscular function and pul- 
monary physiology. It offers promise of 
assistance in the control of inhalation 
anesthesia, particularly in operations in 
the open chest. It should be useful in the 
study of breathing patterns under a va- 
riety of conditions and in various dis- 
eases. It may offer aid to newborn and 
premature infants with respiratory dis- 
tress. 
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junction with the automatic recording 
potentiometer available to us (Leeds and 
Northrup Speedomax, 5-millivolt scale). 

2) It should provide for the individ- 
ual integration of each peak appearing 
on the chromatogram as it is drawn. 

3) It should read out in digital form, 
totalizing to at least 99,999, to be 
stamped on a separate tape or else on 
the Speedomax chart adjacent to the 
integrated curve. 

4) It should be reproducible to better 
than 1 percent. 

5) It should provide for automatic 
clearing of the stored number after print- 
ing so that the integration of the next 
peak or following peaks will not be 
cumulative. 

6) The pulse output rate at full-scale 
deflection on the potentiometer chart 
must exceed 1000 counts per minute to 
insure a sufficient number of significant 
figures per unit area. This condition 
amounts to asking that the device be 
capable of producing as many significant 
figures as are obtainable with a hand 
planimeter and with an accuracy as great 
as that of the average of several such 
determinations. 

7) The device should be sufficiently 
intelligent to be able to distinguish be- 
tween meaningful data and base line 
noise. 

To the best of our knowledge, no com- 
mercial instrument presently available 
fulfills all the requirements listed. It 
was found, however, that an instrument 
satisfying these requirements could be 
made from commercially available basic 
components—namely, a ball and disk 
integrator supplied by the Librascope 
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Fig 1. Schematic diagram of integrating mechanism: a, slide-wide shaft; b, linear cam; 
c, disk drive shaft; d, synchronous motor; e, disk; f, balls; g, output drum; h, output 
shaft; i, slotted disk; j, light; k, photocell; /, pulse-shaping and amplification circuit; 
m, integration base switch; n, balancing motor; o, screws holding unit to housing; , pen. 


Corporation; a 20-revolution-per-minute 
synchronous motor used to drive the 
integrator disk, supplied by the Hagen 
Manufacturing Company; and a pulse 
storage mechanism with a digital print- 
out supplied by the Streeter Amet Com- 
pany. To these components it was only 
necessary to add a linear cam made in 
our shops, a photoconductivity cell ac- 
tuated by light passing through a slotted 
disk, and a conventional pulse shaping 
circuit, which supplied the information 
in a square wave form to the pulse stor- 
age mechanism. In the latter connection, 
it should be noted that a scaling unit 
ordinarily used in connection with a 
Geiger counter replaced the Streeter 
Amet pulse storage mechanism in the 
early developments, before the latter be- 
came available. 


Operation 


The operation of the device starts with 
the principle used on the Fisher-Gulf 
partitioner, but provides digital print- 
out as well as greater resolution; it can 
be readily followed with reference to 
Fig. 1. The linear cam 6 is adjusted on 
the slide-wire shaft a in such a position 
that when the pen p is at the base line, 
the balls f are centered with respect to 
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the disk e so that no motion is imparted 
to the output roll g in spite of the con- 
stant linear velocity of the disk, which 
is driven by the synchronous motor d. At 
this point, it is convenient to note that 
the rate of the rotation of the disk—that 
is, its radial velocity—is indirectly linked 
to the motion of the chart paper in the 
time direction, for both are driven by 
synchronous motors. 

As the signal potential affects the bal- 
ancing motor n, causing the pen to move 
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Fig. 2. Block area test of integrator. 


in the x direction, the linear cam rotates, 
moving the balls out along a radius of the 
disk by an amount proportional to the 
displacement of the pen from the base 
line. Since the rate of rotary motion im- 
parted to the roll by the balls, and hence 
the rate of rotation of the slotted disk i, 
is likewise directly proportional to the 
position of the balls along the radius of 
the disk, then the pulse rate supplied 
from the light source j to the photocell 
k is directly proportional to the displace- 
ment of the pen from the base line in the 
x direction. 

The output of the photocell is fed into 
the pulse shaping and amplification cir- 
cuit 1, which is of a conventional design, 
but which employs a special high-speed 
mercury wetted relay supplied by the 
Western Electric Company. The output 
of this circuit is sent either directly into 
a scaling unit, in which case the summed 
counts are cumulative for the chromato- 
gram and must be recorded by hand, or 
else into the Streeter Amet pulse storage 
unit until print-out is demanded by the 
closing of the limit switch m as the pen 
returns to the base line, when the inte- 
gration ceases. Since the storage mecha- 
nism clears as it prints, areas for the in- 
dividual peaks are recorded individually 
rather than cumulatively. In order to 
meet requirement 7, the limit switch m 
is positioned so that it allows the inte- 
gration to begin when the pen has de- 
parted from the base line by about one- 
half of one division on a chart that has 
100 divisions full scale and so that it al- 
lows integration to stop (and print-out 
to occur) under similar circumstances. 
(In this connection, it should be realized 
that a basic requirement that must be 
met before use of such an instrument is 
practical is that an extremely stable 
bridge circuit must be available. With 
the instrument described here, a set of 
Gow-Mac thermal conductivity cells and 
a conventional d-c cirucit powered by 
storage batteries were used. The carrying 
gas stream was split, and a slow purge 
was washed through the reference side 
independent of the measuring side, which 
was connected to the chromatographic 
column. With this arrangement, in a 
day’s operation, any base line drift was 
within the limit of intelligence noted. ) 

One final comment seems justified. 
The linear cam faithfully produces a 
quantity proportional to the real area 
under the curve. By changing the shape 
of the cam, however, an automatic, 
mathematical transformation ¢an be car- 
ried out. Thus for example, a logarithmic 
cam will produce f log x dy. This in- 
tegral would be particularly valuable in 
spectroscopic work where x may be taken 
as I/I, (or log x as the optical density) 
and y may be taken as proportional to 
the wave length, A. If the device were used 
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Fig. 3. Relationship between area of 
chromatogram and total pulse. 


in this way, the analytic results could be 
printed out in digital form, vastly sim- 
plifying such work. It should also be 
noted that, if a situation should arise in 
which the data supplied by the integrator 
become a part of an elaborate and com- 
plicated calculation (as, for example, 
when a series of peaks from the same 
record are used to calculate the per- 
centage composition of a complex mix- 
ture) then it would be possible to read 
out in punched-tape form, and the re- 
sults could then be fed into a modern, 
high-speed calculating machine. 

The total cost of material, labor, and 
so forth, exclusive of the cost of the 
recorder, is quite modest. This cost, how- 
ever, could be reduced by a major frac- 
tion when the: automatic printing and 


clearing features are not required. The 
instrument is, therefore, available to lab- 
oratories with very moderate budgets. 


Accuracy and Repeatability 


The accuracy and repeatability of the 
data are shown in Figs. 2 and 3, respec- 
tively. Figure 2 relates the number of 
pulses accumulated to the square area 
swept out on the chart; these data were 
obtained by using a scaling unit to total- 
ize the number of pulses. The Speedo- 
max was set with a millivolt source to 
run at a constant distance above the base 
line. The scaling unit and a timing clock 
were started and stopped simultaneously. 
During the elapsed time, a definite 
block of area was swept out on the chart 
as a function of the distance between the 
base line and the pen position. This area 
was plotted in arbitrary units against the 
total number of counts recorded in the 
5-minute periods in Fig. 2. It can be 
seen that, on the basis of these square 
areas, the instrument gave perfect agree- 
ment. With the recorder used, it turned 
out that an arbitrary unit was nearly 
equal to 1 square centimeter, so that 
there is a close correspondence between 
the data plotted on Fig. 2 and on Fig. 3. 

In Fig. 3, the results obtained from 
the automatic integrator for measure- 
ment of a number of calibration chro- 
matograms are compared with the areas 
of the same peaks obtained using a B. K. 
Elliott hand planimeter. In these experi- 
ments, varying amounts of the several 
gases were passed through the column 
in a helium-carrying gas stream, and the 
response was recorded in. the conven- 


Automatic Particle and 


Bacterial Colony Counter 


It has long been recognized that the 
counting of bacterial colonies on culture 
plates is one of the more tedious tasks 
performed in bacteriological laboratories. 
Many thousands of culture plates are 
counted daily in hundreds of dairy, food- 


industry, water-testing, pharmaceutical, 


and other laboratories throughout the 
country. In this era of electronics and 
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automation it would appear surprising to 
many that automatic devices to perform 
this task have not been available. 

Some of the standards and techniques 
that have evolved in bacterial assay tests 
are necessary compromises determined 
by the limitations of laboratory person- 
nel in visual counting methods. These 
limitations include the inaccuracies of 


tional manner. It should be emphasized 
that these data include results with three 
different gases: 2,3-dimethylbutane (tet- 
ramethylethane, or TME), propylene, 
and argon. The chromatographic peaks 
obtained for these were of vastly dif- 
ferent shapes. The low-area argon peaks 
were extremely narrow and sharp. In 
fact, the areas are low because this gas 
was not held up in the column so that, 
even with a nearly full-scale deflection, 
the peak width at the base line did not ex- 
ceed about 4 millimeters. The propylene 
peaks were still quite sharp, particularly 
on the front side, but were skewed by 
a moderately strong tail. Finally, the 
peaks for 2,3-dimethylbutane (TME) 
were very much broader than they were 
high. Thus, regardless of the shape of 
the peak, the automatic integrator ap- 
pears to measure the area at least as ac- 
curately as hand integration. 

This integrator can be made as an 
effective unit from known and available 
items, and we believe that its simplicity 
and convenience may make it useful to 
others. 
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human counting, the inconsistencies be- 
tween observers, and the high cost of 
both preparing and counting large num- 
bers of samples. Quite possibly, if accu- 
rate automatic counting devices had 
been available before the evolution of 
bacterial assay standards, these standards 
would specify greater sampling quanti- 
ties. For example, at present it is not at 
all unusual to find a fluctuation of 100 
percent in the number of colonies from 
presumably identical aliquots of milk 
and cream (1). Where only one or two 
plates are now required by standard tests, 
with consequent poor sampling, the num- 
ber of samples would be increased if the 
time and cost of preparation and evalua- 
tion were less. 

Although many mechanical and visual 
aids have been proposed and constructed 
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for assisting the laboratory technician in 
performing these tasks, these aids gen- 
erally do not provide a really significant 
reduction in counting time, nor do they 
reduce sufficiently the variability of 
human error. As a first attempt in this 
direction, workers at the Allen B. 
DuMont Laboratories developed the au- 
tomatic bacterial colony counter de- 
scribed in this article (2) for the U.S. 
Army Chemical Corps. 


Principles of Design 


The primary objective sought in the 
development of the bacterial colony 
counter was a scanning device which 
would be faster, more reliable and con- 
sistent, and, if possible, more accurate 
than laboratory technicians. Through- 
out the development, tests were made 
using both simulated and live cultures 
on standard 100-millimeter plates. The 
final design of the machine is shown in 
Fig. 1. Petri dishes that are inserted into 
the counting chamber of the machine 
are scanned by a cathode-ray tube and 
optical system. The scanning action i: 
similar to that used in television, using a 
linear raster, except that a field is 
scanned at a much slower rate (one field 
per second), A pattern of 1000 lines 
traverses the dish once per second to ob- 
tain a resolution exceeding that of con- 
ventional television. A schematic repre- 
sentation of the optical system is shown 
in Fig. 2. 








Fig. 1, Automatic particle and bacterial 
colony counter. 
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The scanning spot produced by the 
cathode-ray tube is imaged, by means of 
an objective lens, on the agar surface of 
the culture dish. Light from this moving 
spot is transmitted through the dish and 
is collected by the condenser lenses, 
which in turn produce a disk of illumi- 
nation on the photocathode of the mul- 
tiplier phototube. The mirrors shown in 
Fig. 2 were used to fold the light path 
for convenience of mechanical design. 
Each time the scanning spot is occulted 
by an opaque or semiopaque colony (or 
any other particle), a pulse is produced 
by the phototube. The pulse width or 
duration is proportional to the chord 
length or intercept produced by travers- 
ing the colony. When a large number of 
closely spaced scanning lines is used, it 
is obvious that the number of pulses pro- 
duced will be proportional to the sizes 
of the colonies, as well as the quantity. 
Since bacterial colony dimensions vary 
greatly with species, incubation time, and 
many other factors, an average colony 
diameter cannot be assumed. If such an 
assumption were valid, it would be a 
simple matter to calculate the quantity 
from the number of intercept pulses and 
the mean diameter. 

Techniques for scanning and counting 
blood cells, using apertures and slits of 
successively different sizes to obtain sta- 
tistical counts, have been used by Lager- 
crantz and others (3). Another tech- 
nique, described by Roberts and Young, 
for a flying-spot microscope, uses a dual- 
spot scan to prevent multiple counting 
(4). 

The instrument described here, illus- 
trated by Fig. 1 and the operational 
block diagram of Fig. 3, uses a memory 
system to prevent multiple counting, re- 
gardless of colony size. This is accom- 
plished by storing all the pulses on each 
scanning line for the total duration of 
one scan-line interval and comparing 
these pulses with any produced by the 


next successive scanning line. The logic 
of the circuits is such that, when the 
scanning spot intercepts a colony for the 
first time, a count is produced; but when 
the spot, on its next scan, intercepts the 
same colony, the stored or delayed pulse 
from the first intercept locks out and 
prevents additional counts. The delayed 
and undelayed pulses are compared on 
a time-overlap basis so that all other 
colonies resolved by the system are prop- 
erly counted. Although the complete 
functional block diagram is shown in Fig. 
3, only a very brief explanation of circuit 
operation is given and the reader is re- 
ferred to other detailed discussions of 
the design (5). 

The pulses produced by interception 
of the scanning spot with a colony are 
amplified and shaped to correct for cer- 
tain optical and electronic distortion 
effects and passed to a delay circuit. The 
undelayed signal and the delayed signal 
are then both coupled to an anticoinci- 
dence circuit which performs the logic 
of first-intercept-recognition mentioned 
previously. The output of the anticoinci- 
dence circuit consists of one pulse for 
each colony. Each of the pulses is fed to 
a digital electronic counter which totals 
the count for one complete field scan. 

The rest of the circuits shown in Fig. 
3 provide for deflection of the scanning 
cathode-ray tube and of a monitor-dis- 
play cathode-ray tube. The monitor-dis- 
play tube presents a picture of the culture 
plate to the operator and facilitates 
proper adjustment of the machine in ac- 
cordance with the types of specimens 
scanned. For example, certain types of 
culture medium may be extremely dense 
optically, so that a compensating ad- 
justment of the sensitivity of the photo- 
tube or the brightness of the scanning 
spot may be required. Frequently the 
culture plate contains very small con- 
taminants or dirt particles which cause 
extra counts. Under certain conditions 
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the display monitor also facilitates the 
making of compensating adjustments for 
this condition, Finally, the visual display 
monitor allows the operator to deter- 
mine, at a glance, whether all the colo- 
nies are being detected and counted. The 
display monitor produces an image of 
each colony on the screen with a small 
bright checking dot superimposed at the 
top of each colony as it is electronically 
counted. A typical display of a scanned 
culture dish is shown in Fig. 4. 


Evaluation of Machine Performance 


Before presenting evaluation data on 
the performance of the machine, it would 
be well to describe briefly the basic capa- 
bilities and limitations determined by the 
present design. The size of the smallest 
colony that can be detected is deter- 
mined primarily by the diameter of the 
scanning spot. In scanning a 100-milli- 
meter diameter culture dish, colonies 
down to 0.5-millimeter diameter can be 
detected and counted reliably. Optical 
defects in the glass or agar, or contami- 
nants, if large enough to be resolved, can- 
not be distinguished from colonies by the 
machine. If present, these defects and 
contaminants increase the count. It 
should be pointed out that a human ob- 
server, too, is frequently inaccurate in his 
count because of such factors. 

Colonies which are contiguous and 
clump together are recognized by the 
machine as individuals only if they are 
oriented so that they present individual 
tangencies to the intercepting scanning 
lines. This effect can be observed on the 
picture display of Fig. 4. Note that colo- 
nies that are vertically contiguous pro- 
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duce only a single bright counting mark, 
while other contiguous colonies are regis- 
tered properly. Here again, the techni- 
cian performing visual counts may err in 
his judgment concerning clumped colo- 
nies, although not to the extent of the 
machine, which has no judgment. 

Correction factors for contiguity can 
be derived by statistical methods when 
large samples of particular species of bac- 
terial cultures are run, Care in the inocu- 
lation of culture plates and a reduction 
in incubation time, where possible, mini- 
mize contiguity. Care should also be ex- 
ercised to prevent spreading the inocu- 
lant to the extreme edges so that colonies 
grow on the meniscus or sides of the cul- 
ture dish. The glass-bead rim of molded 
petri dishes necessitates optical masking 
of the extreme edge of the dish in the 
machine, With poured plates this factor 
cannot be controlled, but statistical cor- 
rection factors can be applied. 

Finally, with regard to performance 
capabilities inherent in the technique, it 
should be realized that the machine is 
not subject to fatigue and that it is there- 
fore far more consistent on repeated sam- 
pling than are human observers. 

Before acceptance of the machine by 
the Chemical Corps, extensive evaluation 
tests were performed in their laborato- 
ries. The data obtained during these tests 
are not available for publication, but it 
may be stated that the results have been 
very satisfactory for their particular re- 
quirements. The major limitation to 
counting accuracy has been contiguity, 
as anticipated, but correction factors for 
some bacteria species have been derived. 

Performance tests have also been made 
at the DuMont laboratories and at two 
dairy laboratories. Typical test data ob- 
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Fig. 3. Electronic scanning and counting system. 
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Table 1, Typical machine versus visual 
counts. 








Plate Visual Machine 
No. count count 
1 24 24 
2 39 40 
3 42 45 
+ 44 48 
5 +9 55 
6 19 23 
4 17 20 
8 40 42 
9 16 20 
10 23 24 
11 45 47 
12 40 48 
13 30 33 
14 109 107 
15 84 86 
16 122 129 
17 140 135 
18 181 160 
19 194 151 
20 247 241 
21 166 150 
22 492 437 


23 529 439 


tained at the DuMont Laboratories with 
cultures of Serratia marcescens on pep- 
tone agar are shown in Table 1. In per- 
forming these tests, the machine scans 
and registers a count every 2 seconds, 
while it takes a technician approximately 
2 minutes to obtain a count by normal 
methods. 

Data such as those given in Table 1, 
obtained from routinely prepared plates, 
show that the relationship of machine 
count to technician’s count is a function 
of plate population density. At low den- 
sities the automatic count tends to be 
higher than the technician’s count, whil 
at high densities the machine count runs 
80 to 90 percent of the visual count. 
Study has shown that the causes of this 
bias are as follows: (i) High counts at 
low densities are caused by a few con- 
taminants and defects in the glass and 
agar which are significant at low densi- 
ties. (ii) Low counts at high densities 
are primarily caused by a large percent- 
age of contiguous colonies. (iii) Low 
counts at high densities are caused, to a 
lesser extent, by the presence of colonies 
at the periphery of the dish which are 
not scanned by the machine. 

Another condition which should be 
recognized is that it is common practice 
in counting high-density plates for a tech- 
nician to count only a portion of the total 
area and then to estimate the total by the 
ratio of areas. The repeatability of tech- 
nicians’ counts is therefore very poor, 
and the variation between different tech- 
nicians counting the same high-density 
plate is substantial. Typical variations 
and spread in technicians’ count versus 
spread in machine count for repeated 
tests are shown in Table 2. These data 
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Fig. 4. Monitor picture display of a culture plate being 
counted. 


were obtained by visually counting incu- 
bated culture plates using four different 
observers and then counting each plate 
in the automatic counter using four dif- 
ferent orientations with respect to the 
scan direction. 

While the average machine count is 
frequently considerably less than the av- 
erage visual count for normally prepared 
culture plates, it was found to be much 
more consistent. The automatic colony 
counter was sensitive to orientation of 
the culture plate because of the effect 
of colony contiguity. Since the colonies 
are randomly oriented with respect to 
clumping, no orientation could be found 
which would yield the true count. The 
machine was very consistent in repeated 
counts when the plate was kept in a 
fixed position. 

Tests with simulated colonies on a 
plastic base, where no glass defects or 
contiguity were present, gave extremely 
accurate results, As an example, a speci- 
men was prepared using a photoengrav- 
er’s half-tone screen containing 2500 
opaque dots 0.5 millimeter in diameter. 
The machine was able to produce counts 
of 2500 consistently for many hours. 
The addition of a single particle of ma- 
terial into the dish produced a count of 
2501. The inherent accuracy of the ma- 
chine is therefore 100 percent under 
ideal conditions. This suggests the desir- 
ability of improving the techniques of 
culture-plate preparation in order to 
realize fully the advantages of automatic 
colony counting. On the other hand, it 
is realized that the use of greater care 
in the preparation of cultures may offset 
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being counted. 


the economies achieved by automatic 
counting. 

An evaluation of the instrument’s use- 
fulness in routine dairy laboratory bac- 
terial colony counting was undertaken at 
the Sealtest Supplee Laboratory of Phila- 
delphia and at the New Jersey Dairy 
Laboratories of New Brunswick (6, 7). 
Present dairy laboratory counting pro- 
cedures require that extremely small, 
pin-point colonies be counted in order to 
minimize incubation time and to sup- 
ply rapid sample evaluation. Dairy cul- 
ture plates usually contain a very large 
percentage of colonies 0.1 millimeter in 
diameter. Since the machine was de- 
signed to count colonies larger than 0.5 
millimeter in diameter, the results of 
these tests were quite poor. In addition. 
routinely prepared plates in most lab- 
oratories contain optical defects in the 
medium and scratches in the bottoms of 
the petri dishes; both produce false 
counts. It was found that when the dish 
bottoms were treated with oil and a 


Table 2. Variations in visual count of four 
technicians versus variations in machine 
count in four orientations. 


Visual count Machine count 


spread spread 
43-48 48-53 

49-55 43-49 

110-118 104-108 
191-239 190-196 
249-309 233-243 
375-477 333-347 
444-498 403-419 





Fig. 5. Monitor picture display of assorted pieces of hardware 


layer of water was poured on the surface 
of the agar, these errors were reduced. 
An experimental modification of one 
machine was made, to reduce the area 
of the dish scanned, so that a smaller 
scanning spot could be realized. Subse- 
quent tests showed that, with this modi- 
fication, colonies 0.1 millimeter in diam- 
eter could be detected and counted. 
However, the same difficulties previously 
noted with clumping or contiguous col- 
onies occurred. 

As a result of these dairy laboratory 
tests, the following conclusions were 
reached. (i) Substantial improvement in 
scanner resolution is required in a colony 
counter intended for dairy laboratory 
use. (ii) Satisfactory use of an auto- 
matic colony counter in the dairy labora- 
tory requires that more care be used to 
avoid scratching petri dish bottoms and 
to reduce defects in the agar medium. 
(iii) More even dispersion of sample 
dilutions in the medium is required for 
automatic counting. (iv) Certain types 
of colonies, called “spreaders” and 
“pulls,” would be extremely difficult 
or impossible to count automatically. 
(These types of colonies also confuse 
technicians, who must undergo a period 
of training before they can differentiate 
between the colonies of “pulls” and 
those which are not portions of such 
groupings. ) 

New techniques now being developed 
in the preparation af cathode-ray tube 
phosphors definitely show that greatly re- 
duced spot size can be achieved. Im- 
provement in scanner resolution (item i) 
therefore appears to be realizable. The 
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difficulty in handling described in item ii 
can be overcome by the use of oil treat- 
ment of the glass or by improved han- 
dling techniques. A step in the direction 
of solving the problem of item iii has 
been taken by the New Jersey Dairy 
Laboratories, which uses mechanical ro- 
tation of dishes during preparation to 
improve distribution. Most laboratories 
employ manual rotation of petri dishes, 
but the colony distribution so produced 
is poor. Building sufficient logic into a 
scanning machine so that it can count 
“spreaders” and “pulls” properly ap- 
pears, at present, to be prohibitively ex- 
pensive. 


Other Applications 


The scanning and information process- 
ing techniques used in the automatic 
particle and bacterial colony counter are 
applicable to many problems involving 
the analysis of a small or large visual 
field. For example, any objects that can 
be placed in a petri dish may be counted, 
provided that they are sufficiently large 
to be resolved (0.5 millimeter in diam- 
eter). Figure 5 shows an assortment of 
electrical hardware components being 
scanned and displayed on the monitor. 
The bright counting dot at the top of 
each item shows that it was properly 
counted and that the instrument was 
not “confused” by its shape or the pres- 
ence of holes. Modified versions of the 
instrument have also been used with 
equal facility to count bacterial colonies 
on opaque membrane filters and pin- 


holes in opaque metal foils. Although 
demonstrations of these capabilities have 
been impressive, no single version of a 
flying-spot scanning device can be ver- 
satile enough to handle all of the prob- 
lems requiring optical scanning. Some 
applications require the scanning of very 
large areas, and others require the scan- 
ning of microscopic areas. Furthermore, 
many scanning applications require logic 
circuitry to provide size and area, den- 
sity, spectral, and other types of infor- 
mation. This means, of course, that dif- 
ferent optical and electronic systems 
must be developed for the basic flying 
spot scanner-phototube combination to 
apply it to these problems. 

A whole new field of industrial instru- 
mentation involving the use of flying- 
spot scanners for automatic flaw inspec- 
tion of large-area sheet products such as 
paper, glass, metal, and foils appears to 
be imminent (8). At the other extreme, 
with respect to size of area scanned, fly- 
ing-spot microscopes are being devel- 
oped in this country (and are commer- 
cially available in England) to perform 
such functions as the counting and sizing 
of microparticles. One of the most sig- 
nificant contributions to biological re- 
search, in the field of cell and tissue 
studies, has been the development of an 
ultraviolet flying-spot microscope. This 
instrument, developed at the University 
of Texas Medical School, has permitted, 
for the first time, the unlimited study of 
living cells with ultraviolet light (9). 

It is believed by many that the flying- 
spot microscope, when equipped with 


Servo Control 


of General Anesthesia 


J. Weldon Bellville and George M. Attura 


The automatic control art with its as- 
sociated servo machines offers a finer 
control of physical variables than can 
normally be accomplished by human 
operators. This holds true for complex 
military devices as well as for those au- 
tomatic control systems that have been 
introduced into the field of medicine. 
We have developed a servo control 
mechanism that will control a single 
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physiological process, depth of anesthe- 
sia. 

Regardless of its application, the quan- 
tity to be controlled by a servo must 
fulfill certain criteria. It must be meas- 
urable by some data-sensing element 
which translates the quantity in test into 
an electric voltage, and motor means 
must be available to control this quan- 
tity. 


special information-processing circuits 
such as those of the automatic colony 
counter, will provide a very powerful 
tool for industrial and biological re- 
search laboratories. Accordingly, it may 
be destined to follow a path of develop- 
ment, requiring evolution of techniques 
and accessories, analogous to the path of 
the development of the electron micro- 
scope. The automatic particle and bac- 
terial colony counter should be consid- 
ered, therefore, to be one step in the 
development of flying-spot, optical-elec- 
tronic transducer instrumentation. 
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In the field of anesthesia, we have a 
situation that will fulfill these criteria. 
The depth of anesthesia is the quantity 
that must be controlled. For our pur- 
poses, we can define depth of anesthesia 
in terms of the cortical potential that 
is recorded by an electroencephalograph. 
The deeper the level of anesthesia, the 
less the electric cortical potential. If in- 
creasing concentration of anesthetic in 
the blood parallels increasing depth of 
anesthesia, then this premise is valid, 
since it has been shown that there is an 
inverse relationship between the concen- 
tration of ether or cyclopropane in the 
blood and the electroencephalograph po- 
tential (J, 2). The depth of anesthesia 
is usually controlled by the amount of 
anesthetic agent administered to the pa- 
tient per unit time, whether the agent 
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is a barbiturate given intravenously or 
a gas which the patient is allowed to in- 
hale. Since the depth of anesthesia can 
be measured as an electric quantity, a 
suitable servo device can be placed be- 
tween the electric variable and the pump 
or valve that administers the anesthetic 
to the patient. 


Human Control 


At present, during the majority of op- 
erations, depth of anesthesia is deter- 
mined and controlled by an anesthesiolo- 
gist who observes the patient. The anes- 
thesiologist gages the depth of anesthesia 
through his senses by considering the pa- 
tient’s respiratory rate, chest wall move- 
ments, muscle tone, blood pressure, pulse 
rate, pupil size, various reflex responses, 
and other general clinical criteria. Cor- 
relating these observations with his ex- 
perience, the anesthesiologist estimates 
the depth of anesthesia at any given 
moment, and, considering the require- 
ments of the surgeon, decides whether 
more or less anesthetic is necessary. 

Of necessity, the process is not com- 
pletely continuous. A correction is ap- 
plied to the rate of administration of 
anesthetic agent to the patient, and, at 
varying intervals, the clinical observa- 
tions are repeated, and the rate of ad- 
ministration of the anesthetic is again 
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readjusted. There exists, thus, a cause- 
and-effect relationship between the anes- 
thetic agent and the clinical signs of the 
patient. This relationship, together with 
interpretation and control by the anes- 
thesiologist, constitutes a loop or chain 
of response (Fig. 1a). 

It is important to note that the situa- 
tion described is a true feedback control 
system in which both the patient and the 
anesthesiologist play important functions. 
It might be called a human servo, since 
the action of the anesthesiologist is de- 
termined by his observation of the effect 
of his previous actions in adjusting the 
rate of administration of anesthetic agent. 
Thus, it is in the same servo class with 
other automatic-control and feedback- 
control systems in current use in industry 
and elsewhere, except that the interpre- 
tation of data and the motor action to 
control the output physical variable are 
performed by the human operator, 
namely, the anesthesiologist. 

In subsequent paragraphs, it is shown 
that the addition of a servo device does 
not change the nature of this loop, but 
merely improves its accuracy and speed 
of response. The addition of the anes- 
thesia servo device to this feedback loop 
can improve it in two major respects. 
First, the accuracy of sensing the depth 
of anesthesia can be increased and, sec- 
ond, the time interval necessary to sense 
and correct the depth of anesthesia can 
be reduced. These two factors combined 
result in an accurate, uniform control of 
anesthesia. 


Servo Control 


The first system designed to control 
the depth of anesthesia automatically 
was described by Bickford in 1950 
(3, 4). Sensing the depth of anesthesia 
was accomplished by noting the output 
of an electroencephalograph, and a fixed 
amount of Pentothal or diethyl ether 
was administered automatically in re- 
sponse to the integrated cortical activity. 
In 1952, Bickford described frequency 
discrimination to sense depth of anes- 
thesia more accurately (5). The con- 
tinuous automatic -control of cyclopro- 
pane anesthesia was described in 1953 
(6). Recently, it has been shown by 
electroencephalographic frequency spec- 
trum analysis during anesthesia that the 
amplitude of certain frequency bands 
varies with the depth of anesthesia (7). 

When the electroencephalograph is 
used to monitor a selected cortical fre- 
quency, its output becomes an accurate 
index of the depth of anesthesia. This 
electric voltage, properly processed and 
transformed, can be used to drive a servo 
mechanism which controls the flow of 
anesthetic to the patient as a direct func- 
tion of the voltage. A simple block dia- 
gram of the servo-driven anesthesia sys- 


tem is shown in Fig. 1b. The electroence- 
phalographic output is fed to a band-pass 
network whose output in turn contains 
only those frequency components from 
the electroencephalograph which are 
close to the chosen frequency. Roughly 
speaking, if the frequency is properly 
chosen, the lighter the anesthesia the 
greater the electric output from this 
band-pass circuit. This voltage, then, can 
be considered proportional to the level of 
wakefulness of the patient and inversely 
proportional to the depth of anesthesia. 
This voltage is spoken of hereafter as 
the “command voltage.” The servo sys- 
tem between the command voltage and 
the anesthetic consists of a motor driven 
by a servo amplifier whose input is the 
output of the band-pass circuit, the com- 
mand voltage (Fig. Ic). 

If the anesthetic is to be administered 
intravenously, as is the case with Pento- 
thal, the motor drives a positive displace- 
ment pump at a speed which is very 
closely proportional to the command 
voltage of the servo (Fig. 1d). In this 
mode of operation, we have what is 
called a “velocity servo,” since the ve- 
locity of the output shaft is proportional 
to the command voltage. 

If the anesthetic is a gas, a valve is 
used to control its rate of flow to the 
patient who is inhaling it. In this case, 
the servo must establish correspondence 
between the position of the valve and the 
command voltage. Here a type of servo 
commonly called a “positional servo” is 
employed. For a positional servo, the 
output voltage from the band-pass net- 
work—the command _ voltage—deter- 
mines the instantaneous position of the 
valve (Fig. le). 

It is important to note again that the 
use of a servo device does not basically 
alter the loop that exists when the anes- 
thesiologist is performing the sensing and 
control functions. As has been explained, 
in that case we do have a feedback loop, 
with the depth of anesthesia of the pa- 
tient acting as the controlled quantity 
and with the anesthesiologist, with his 
equipment, performing the dual role of 
sensing and controlling (Fig. 1a). In the 
new system, the servo device substitutes 
for the anesthesiologist; sensing the depth 
of anesthesia is a function of the elec- 
troencephalograph and its associated 
band-pass networks, and controlling the 
depth is a function of the servo motor 
and its associated mechanism. The only 
reason for introducing this change is to 
achieve a system capable of greater pre- 
cision of control and greater speed of re- 
sponse—a system free from human error. 


Description of Servo and Modes 


The system described in this article 
has been developed by us to administer 
Pentothal, cyclopropane, or ether by 
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means of servo techniques. The electro- 
encephalogram is obtained by inserting 
No. 25 needle electrodes into the scalp 
overlying one hemisphere in a frontocen- 
tral position. Records are made on a 
Grass ITID electroencephalograph whose 
frequency response is flat from 1 to 40 
cycles per second. The output from the 
electroencephalograph is fed into tuned 
band-pass electronic networks which pass 
only frequency components close to the 
tuned frequency. For this system, there 
are two networks: one tuned to 24 cycles 
per second for ether anesthesia and one 
tuned to 16 cycles per second for Pento- 
thal or cyclopropane anesthesia. The 
proper network is selected by a switch 
($1, Fig. 2). The band-pass circuits are 
shown in the accompanying schematic 
diagram (Fig. 2). The band-pass stage 
is a tuned amplifier (V1) with parallel-T 
feedback which results in a precisely 
known and shaped band-pass character- 
istic. The center of resonant frequency is 
determined by the values of the resistors 
and condensers in the tuned parallel-T 
feedback circuit. The output of the band- 
pass stage is fed to another amplifier and 
then rectified into a d-c voltage which 
varies linearly with the output of the 
band-pass network, and hence follows 
proportionately the level of wakefulness 
of the patient, and therefore, inversely, 
the depth of his anesthesia. 

Whether the servo is used in the veloc- 
ity mode or in the position mode, the 
command voltage determines how fast 
the motor will turn the pump to ad- 
minister the intravenous agent or the 
position of the valve for gaseous agents. 
The command signal then drives a 
closed servo loop consisting of a motor, 
tachometer, and amplifier (in the veloc- 
ity mode) (Fig. 1d) or a motor, tachom- 
eter, potentiometer, and amplifier (in 
the position mode) (Fig. le). 

In the velocity mode, the proportion- 
ality between output velocity and com- 
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Fig. 3. Servo control unit with pump drive and valve control. 


mand voltage is obtained by feeding back 
from the tachometer a d-c voltage pro- 
portional to the velocity and comparing 
it with the command voltage. The dif- 
ference between these two, which is a 
very sensitive measure of the error, then 
drives the servo amplifier and forces the 
motor, tachometer, and pump to follow 
at a speed which is very precisely propor- 
tional to the command voltage and hence 
to the level of wakefulness of the patient. 

In the positional mode, the command 
voltage is compared with a d-c voltage 
from the wiper of a potentiometer which 
is coupled to the moving part of the gas 
valve. Driven by the error between these 
two voltages, the servo system turns the 
motor, pump, and potentiometer until 
the potentiometer potential is exactly 
equal to the command voltage. At this 
point, the error between the two voltages 
is zero. The servo motor stops. In this 
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Fig. 2. Servo control unit. Connections: A, H, control winding of servo motor; E, F, ref- 
erence winding of servo motor; G, J, B, potentiometer; C, J, tachometer. 


way, exact proportionality between valve 
position and command voltage or level 
of wakefulness of the patient is obtained. 
Since the valve position bears a propor- 
tional relationship to the volume of anes- 
thetic gas, the level of anesthesia in the 
patient is brought under control. 

The tachometer is also retained and 
driven in the positional mode, although 
its function is different from its function 
in the velocity mode. In general, the po- 
sitional servo is more subject to loop 
oscillations or “hunting” than the veloc- 
ity servo. In this mode, the anesthesia 
servo would hunt uncontrollably around 
its null unless some means of damping 
were provided. A convenient damping 
technique is to feed back to the input of 
the servo amplifier a voltage obtained 
from the output shaft. The tachometer 
voltage is then used to damp the loop in 
the positional mode. 


Depth Control 2 


With the circuit shown (Fig. 2) it has 
been possible to combine these two func- 
tions in a single apparatus using the same 
servo amplifier. The iransition from 
velocity mode to position mode is made 
by turning a switch (§2, Fig. 2) on the 
front panel (Fig. 3) and connecting a 
cable to the appropriate pump or valve 
control. 

A very important feature of this in- 
strument is the addition of a threshold 
level control which sets the reference 
level against which the system operates 
(REF, Fig. 2). The reference level de- 
termines the steady-state depth of anes- 
thesia of the patient. Without this con- 
trol, the action of a servo system would 
continue the flow of anesthetic to the 
patient as long as there was any electro- 
encephalographic activity at the selected 
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frequency. The eventual result would 
therefore be the deepening of anesthesia 
until all cortical activity has ceased. The 
reference control, however, introduces a 
bias voltage into the input circuit of the 
servo amplifier, whether it is used in the 
position or velocity mode. This reference 
control voltage determines the output 
speed or the output position at which the 
system achieves a steady state, and it 
thus prevents the servo from driving the 
depth of anesthesia deeper and deeper. 
In practice, all other adjustments have 
been made so that this reference control, 
with its calibration on the front panel 
(Fig. 3) determines the anesthetic level 
of the patient. The reference control can 
be reset to bring the anesthetic level au- 
tomatically higher or lower, depending 
on the requirements of the operation. 


Motor Means 


As has been mentioned, the servo 
motor will drive either a pump or valve 
through associated gearing. One success- 
ful form of a pump drive is shown in 
Fig. 3. The servo motor and tachometer 
are geared down 300 to 1 to drive the 
rotor of the positive-displacement pump. 
This pump has been adapted from a 
peristaltic action pump manufactured by 
the American Instrument Co. It consists 
of a constrained half-turn of flexible 
tubing through which the liquid intra- 
venous anesthetic is forced by the action 
of rollers which press the two walls of 
the tubing together and hence force the 
anesthetic to move in one direction with 
a volume rate of flow proportional to the 
speed of the rotor of the pump. In this 
application it is important that a posi- 
tive-displacement pump be used, for the 
following conditions must be met: (i) a 
definite correspondence must exist be- 
tween the volume of fluid injected and 
the displacement of the pump rotor; (ii) 
there must be no change in the rate of 
fluid flow with changes in venous pres- 
sure; (iii) there must be no change in 
the rate of fluid flow with the change in 
hydrostatic pressure between the pump 
and reservoir. A positive-displacement 
pump, as its name implies, resolves all 
these difficulties, and this particular 
pump has proved to be quite successful 
for this application. This pump also has 
the distinct advantage that sterility is not 
a problem, since sterile intravenous tub- 
ing can be made to fit it (Fig. 3). 

For gaseous anesthetics, a different 
system must be used, It is necessary to 
control the position of a valve and to 
keep it in tight correspondence with the 
rectified monitored output of the elec- 
troencephalograph—the command volt- 
age. In our application, a gear box con- 
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taining the servo motor, gear train, and 
potentiometer is used to establish the 
correspondence of the output shaft posi- 
tion and the command voltage. This po- 
sition is then transmitted through a 
fiexible shaft either to the cyclopropane 
valve or to the ether drip can stem of a 
circle carbon dioxide absorber anesthesia 
machine. At steady state, the servo sys- 
tem comes to rest with the wiper of the 
potentiometer and the position of the 
rotary member of the valve determining 
the volume rate of inhalation of anes- 
thetic agent by the patient. 


Discussion 


It is important to note the difference 
between this servo system and that de- 
scribed by Bickford in 1950. Bickford 
saw that the electroencephalograph rep- 
resented a more sensitive indicator of 
the depth of anesthesia than any avail- 
able clinical sign. He used the rectified 
energy output of the cortex to charge a 
condenser with a d-c voltage. When this 
charge or voltage exceeded a certain 
value, it triggered a thyratron tube which 
in turn actuated a relay to inject a fixed 
volume of Pentothal. Later Bickford 
modified this system to include a band- 
pass stage to select only 12-cycle-per- 
second activity, since he found that the 
12-cycle activity varies directly with the 
depth of anesthesia. The servo device 
employed by Bickford can be called an 
“on-off servo,” for it lacks the propor- 
tioning feature discussed here. No Pen- 
tothal is injected into the patient until 
the integrated level of cortical activity 
exceeds a certain point. At this point 
the thyratron discharges, and the relay 
injects a slug of Pentothal into the vein. 
This increment of Pentothal, after a suit- 
able delay, increases the depth of anes- 
thesia, and the system remains dormant 
until the thryatron again discharges. It 
might be said that in this system the 
patient reaches a certain level of wake- 
fulness, but that the machine senses it 
and injects a slug of Pentothal to increase 
his depth of anesthesia once more. If one 
were to plot the level or depth of anes- 
thesia as a function of time for Bickford’s 
machine, he would’ note an oscillation 
between deeper anesthesia right after 
the Pentothal has been injected and a 
lighter level of anesthesia just before the 
thyratron fires. It is important to note 
also that there is no feedback per se be- 
tween the unit which administers the 
anesthetic agent and the electroenceph- 
alographic voltage. Hence, the calibra- 
tion of the system or the time or the level 
at which it fires (and therefore the 
amount of Pentothal it injects) is a va- 
riable dependent on aging, line voltage, 
and several other factors. 


The chief improvement of our present 
system has been the introduction of the 
feedback principle locally between the 
dispenser of the anesthetic agent and the 
output of the electroencephalograph. 
This local or secondary feedback loop, 
which is really the chief feature of the 
servo device we have described, serves 
only to set a precise calibration in the 
relationship between the electroenceph- 
alograph output and the amount of an- 
esthetic agent that is introduced into the 
patient. A happy by-product of this type 
of system is that the action is continuous, 
and as such it can continuously readjust 
itself so that it maintains a constant 
depth of anesthesia within the patient 
instead of oscillating as an “on-off servo” 
does. 


Present Application 


The servo described in this article can 
be a valuable aid in pharmacologic evalu- 
ation of drugs. Some physiological re- 
sponses such as pulmonary and vascular 
reflexes are dependent on the depth of 
anesthesia, Maintenance of a constant 
level of anesthesia eliminates this varia- 
ble. If depth of anesthesia is controlled 
automatically, and if additional anes- 
thetic is introduced as a disturbance fac- 
tor, the response of the servo system will 
represent a measure of drug action. Thus, 
the relative potency of agents which 
affect the electroencephalogram can 
easily be determined. Other servo sys- 
tems will undoubtedly be used in the 
future by the pharmacologist since they 
can be used to study drug action at or 
near equilibrium conditions. 

Even though this servo device responds 
more quickly and controls depth of anes- 
thesia more accurately than the human 
operator, it may be many years before 
these control instruments are widely 
used clinically. The anesthesiologist 
senses many variables and correlates his 
observations with past experience and 
the requirements of the surgeon in order 
to determine the anesthetic requirements. 
This servo is limited in that it senses only 
one variable, the electroencephalogram. 
Certainly; more complex devices that 
sense several variables and have memo- 
ries and fail-safe features are possible. 
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Glass Electrode 


for Measuring Sodium Ion 


George Eisenman, Donald O. Rudin, James U. Casby 


In 1934, von Lengyel and Blum ob- 
served that adding the acidic oxide 
Al,O, or B,O, to sodium silicate glasses 
caused the glass electrode potential to 
become strongly dependent on the con- 
centration of several cations besides H+ 
(1). Their data indicated that the sen- 
sitivity probably ranked in the decreas- 
ing order H+, Na+, K+ and Li+. These ob- 
servations suggested that practical glass 
electrodes might be developed for meas- 
uring the Nat activity as a continuous 
function of time in ionic mixtures and 
in biological fluids. Von Lengyel and 
Blum’s observations have been confirmed 
and extended by us in a large number of 
electrodes made from several melts of 
their Du composition (SiO,, 62 moles 
percent; Al,O,, 11 moles percent; Na,O, 
24 moles percent; CaO, 3 moles per- 
cent). In addition, we have studied the 
electrode potential as a function of sys- 
tematic variations of glass composition 
in a number of simple glass systems. 
This article (2) is primarily concerned 
with some immediately useful conse- 
quences of the study of the ternary glass 
system, Na,O-Al,O,-SiO, (3). 

All glass electrodes containing more 
than a fraction of 1 mole percent of 
Al,O, are markedly cation sensitive, and 
the sensitivity for different cations rela- 
tive to one another is a systematic and 
reproducible function of glass composi- 
tion (see subsequent paragraphs). In sin- 
gle cation solutions of H+, Nat, K+, or 
Lit, the glasses yield electrode potentials 
which are a linear function of the loga- 
rithm of cation activity with a slope of 
58 millivolts for a tenfold activity change 
at 20° to 22°C when referred to a satu- 
rated KCl bridge calomel half-cell. When 
measured against a Ag-AgCl half-cell 
without liquid junction, the chloride 
salts give the expected slope of 116 milli- 
volts. The glass electrodes are indifferent 
to the particular anion present (chloride, 
hydroxyl, bicarbonate, nitrate, acetate, 
carbonate, sulfate, thiosulfate, ferrocya- 
nide, and ferricyanide were studied). 
They are not affected by the presence 
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of oxidizing or reducing substances, for 
they have the same potential in thiosul- 
fate as in chloride solutions, as well as in 
dilute solutions varying from 100-percent 
ferrocyanide to 100-percent ferricyanide. 


Electrode Potential 


A precise description of the glass elec- 
trode potential in mixtures of any two 
univalent cations is given by the follow- 
ing new empirical equation. 


RT 
F 


B= B+ In [(At)/"4B + 


kar’ "4B (Bt) Map)" 1B (1) 


Equation | not only describes all of our 
data, but appears to be quite general, 
fitting representative glass electrode data 
(4-6) examined by us. Parentheses 
around symbols denote activity; k4, and 
N4p are empirical constants for a given 
glass composition and cation pair (A‘*, 
B+) (7). Figure 1 (parts A, B, and C) 
presents representative data for the elec- 
trode potential in binary mixtures of H' 
and Na+ (part A), H+ and K* (part B), 
as well as in ternary mixtures of Kt‘, 
Nat, and H+ [at constant pH and (K*)] 
(part C). The straight dotted line drawn 
through the triangles in parts A and B 
plots the potential recorded in pure HCl 
solutions of varying dilution (that is, at 
zero Na* or Kt) and has the expected 
slope of 58 millivolts per pH unit. The 
points in Figs. 1A and 1B are experi- 
mental values recorded as a function of 
varying H+ activity with Na* or K* con- 
centration constant at 0.1 molar. (Since 
H+ never exceeded 10 percent of this 
amount, the ionic strength and the ac- 
tivity of Na* or K+ were effectively con- 
stant.) The curves are drawn from Eq. 
1 with the indicated values of n4p, and 
k 4p. Changes in Nat or K+ produce ap- 
propriate shifts in the curves as described 
by Eq. 1. In the case of H*-Na* mix- 
tures, Nyy, generally equals 1 for sodium 
glasses sensitive to sodium ion, and Eq. | 
then takes a form which is the simplest 
case predicted by the theories of Dole 
(5) and Nicolsky (8), but for H+-K+ 
mixtures nq_ for many glass composi- 


tions is significantly greater than 1, ap- 
proaching values as high as 3.5. If Eq. 
1 is expanded as a series and the terms 
beyond the second are neglected, then it 
takes the form of Dole’s and Wiener’s 
modified electrode equation (9). 

While the importance of Eq. 1 for this 
article is chiefly as an empirically valid 
representation of the experimental data, 
it should be mentioned that it can be de- 
rived thermodynamically by a treatment 
similar to Nicolsky’s (8). Our deriva- 
tion, however, requires the assumption 
that the activity of the adsorbed cations 
is proportional to the n‘* power of their 
adsorbed amount rather than to the first 
power. This assumption also leads to a 
general adsorption isotherm mass action 
law): 

_ (A*) (Baas, )"42 


= naz 
*™ (BY) (Anas) "42 (2) 





where (At) and (Bt) are the ionic activi- 
ties in solution, Aj,;, and B,y, are the 
mole fractions of A+ and B+ adsorbed, 
and k4, and n,p, are the same constants 
as in Eq. 1. Equation 2 represents satis- 
factorily a wide range of ion exchange 
equilibria extracted from the literature 
(for example, synthetic organic cation 
and anion exchangers, natural and syn- 
thetic inorganic cation exchangers, as 
well as the binding of univalent anions 
to serum albumin). An equation of this 
form was first described by Kornfeld and 
Rothmund (/0) as an empirical descrip- 
tion of the ion exchange of permutites; 
but its possible extension to glass elec- 
trodes has not been recognized. 
Although a general equation for tri- 
cationic mixtures has not yet been devel- 
oped and tested, Eq. 1 has been found to 
describe the electrode potential in 
Na*-K+-H* mixtures when (Ht) is held 
constant and A+ and B+ represent Na+ 
and K+ (Fig. 1C, Fig. 2). In this case 
NyNax is constant and equals 1 over a wide 
pH range (5.6 to 10.6) for representative 
glasses of our series. However, kyax 
varies with pH, approaching a constant 
value at high pH. (Examine Fig. 1B and 
1A in this regard.) Figure 2 illustrates 
how ky,x varies with pH for NAS,,_4; 
glass (Na,O, 11 moles percent; Al,O,, 
18 moles percent; SiO,, 71 moles per- 
cent). At pH 10.6, kyax equals 3.48 x 
10-8, while at pH_5.6 it equals 1.06 x10-*. 


Relative Sensitivity as a 


Function of Glass Composition 


It is convenient and appropriate to de- 
fine the “relative sensitivity” of a particu- 
lar glass electrode for a given ion pair 
A+, B+ as equal to the value of k4x since, 
above pH 6, nag may be taken as 1 
for all ion pairs studied here, and kyp 
does not differ greatly from its limiting 
value at high pH. (In this regard, note 
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the small deviation from the asymptote 
above pH 6 in Fig. 1B). For pH greater 
than 6, a value of k4p of 0.01 signifies 
that 0.01 mole (A+) is equivalent to 1.0 
mole of (Bt) in determining the elec- 
trode potential. This simplification is 
useful because many potential measure- 
ments are needed in evaluating 7,4,, 
while two measurements (one in pure At 
of known activity and one in pure Bt) 
suffice for evaluating k 4 p. 

A study of relative cation sensitivities 
as a function df glass composition was 
made by direct comparison of. the elec- 
trode potentials in 0.1N solutions of the 
single alkali cations at neutral pH as 
well as in pure 0.1N HCl solutions. Such 
a simple comparison has been found 
sufficiently accurate for the purposes of 
this article. Figure 3 summarizes the sys- 
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Fig. 1. Representative glass electrode po- 
tentials in ionic mixtures (Du glass). The 
solid curves plot the potential given by 
Eq. 1 for the indicated cation mixtures, 
The straight dotted lines plot the poten- 
tial given by Eq. 1 for pure H* (A and 
B) and Na* (C) solutions. The points are 
experimental measurements referred to a 
saturated KCl-calomel half-cell. The ab- 
scissa in A and B was measured with Beck- 
man fH electrodes. The abscissa in G was 
expressed as activity using 0.78 for the 
activity coefficient of the known Na* mi- 
crocomponent concentration in the pres- 
ence of a constant 0.09M K*. The values 
of naz and kas used in drawing the curves 
were as follows: in A, nuna=1, kana= 
2.15 10°; in B, nax=3.5, kax = 8.86 X 
10*; in C, myax = 1, knox = 1.13 X 107. The 
value of 2.303RT/F was taken as 58 mil- 
livolts at 22°C. 
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tematic and reproducible relationship 
found between glass composition (in 
moles percent of the oxides as deter- 
mined by chemical analysis) and cation 
sensitivity to Nat, K+, and Li* relative 
to H+ in A, B, C, and Na* relative to K* 
sensitivity in D, Contours of isosensitiv- 
ity are plotted in the high SiO, corner 
of the triangular composition field for 
the Na,O-Al,O,-SiO, system. For ex- 
ample, the 100-contour line in D traces 
all those compositions wherein NAS 
glasses are 100 times as sensitive to Nat 
as to K+ at pH 7.6 (corresponding to 
kyax =0.01). Figure 3 illustrates the 
fact that sodium aluminosilicate glasses 
can be made whose sensitivity for the 
alkali cations relative to H+ can be 
varied from values smaller than 10-?° to 
values approaching 1 (//). In addition, 
the differential sensitivity for Nat rela- 
tive to K+ at pH 7.6 has been maxi- 
mized at about 250:1 for the glasses it 
has been possible to make in this ternary 
system to date. 


Applications 


A glass having such a high selectivity 
for Nat relative to H* and K+ offers an 
attractive device for measuring Na* ac- 
tivity in complex mixtures of ions. The 
best composition for many purposes is 
one which has the highest selectivity for 
Na? relative to K* and is also minimally 
sensitive to H+. A comparison of Figures 
3A and 3D indicates this composition to 
be Na,O, 11 moles percent; Al,O,, 18 
moles percent; and SiO,, 71 moles per- 
cent (NAS,,-13 in our terminology). The 
composition of the initial mixture from 
which this glass was made was Na,O, 11 
moles percent; Al,O;, 27 moles percent; 
SiO,, 62 moles percent, The approximate 
relative sensitivity of this glass to the 
various cations at neutral pH is as fol- 
lows: H+, 1; Nat, 0.08; Lit, 0.001; 
NH,*, 0.001; K+, 0.0003; Rb+, < 0.00002, 
Cs*, < 0.00002; Ca++, < 0.000015; Mg**, 
< 0.0000004 (72). In good first ap- 
proximation, one may obtain the relative 
sensitivity for any ion pair directly from 
these numbers (as discussed in 7). 

In addition to the afore-mentioned 
measurements on the simple ternary sys- 
tem Na,O-Al,O,-SiO,, it has been found 
that adding small amounts of CaO or 
Fe,O, to such glasses in quantities up 
to several moles percent does not alter 
significantly their electrode function, 
Presumably, this finding will permit the 
addition of small amounts of these and 
similar oxides to improve other physical 
properties of the glass. It has also been 
found that Na, Al, and Si per se are not 
needed in order that a glass may be 
highly cation sensitive, for Na,O can be 
replaced by Li,O or K,O; SiO, can be 
replaced by GeO,; and Al,O, can be 
replaced by B,O,. 
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Fig. 2. Glass electrode potentials in Nat- 
K* mixtures at pH 5.6 and at pH 10.6 
(NASn-s). The solid circles are experi- 
mental points at pH 10.6. The open circles 
are experimental points at pH 5.6. The 
curves are again drawn according to Eq. 
1 for myax=1, kyax=3.48X10° at pH 
10.6; and nyax=1, kyax=10.6X10* at 
pH 5.6 


It can be calculated conservatively 
from the above data that, in biological 
fluids containing 0.15M Na* or more, an 
NAS,,.18 glass electrode would measure 
Na* activity with less than 0.2 percent 
error owing to the presence of an un- 
known K+ concentration up to 30 mM at 
any fH higher than 5.6. Since NAS,,-13 
glass is also relatively insensitive to Ca** 
and Mgt+ as well as to NH,* and Lit, 
these ions are also without appreciable 
effect on the electrode potential except 
when they are present in unusual concen- 
trations, 

Besides the above “ion errors,” other 
factors may limit the precision and ac- 
curacy with which Na* activity can be 
measured in a given application, One 
source of error arises from electrode 
drift. For a representative bulb elec- 
trode, the drift measures less than 100 
microvolts in any minute and less than 
500 microvolts in an hour. In terms of 
equivalent Nat activity change, this 
amounts to less than 0.5 percent per 
minute and 1.3 percent per hour, respec- 
tively. Other limits to sensitivity and se- 
lectivity are amplifier sensitivity and 
noise, reference electrode noise, repro- 
ducibility of voltages when changing so- 
lutions, purity of reagents, the accuracy 
of preparing standards, stray electric 
fields, and temperature fluctuations of 
the system. Our observations have been 
confined chiefly to relatively gross meas- 
urements made with a standard Beckman 
model G pH meter. With this crude 
equipment we have been able to detect 
differences as small as 1 percent between 
standard NaCl solutions. With greater 
refinement of technique, we anticipate 
that one should be able to measure Nat 
activity to 0.1 percent with commer- 
cially available high-gain electrometers 
and without taking & prohibitive number 
of readings. 

In biological applications, two other 
possible sources of error may exist. One 
is the possibility of an effect of protein 
on the glass. We have found no qualita- 
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tive indication of poisoning by constitu- 
ents of serum, cerebrospinal fluid, or 
brain homogenate when electrodes are 
soaked in these fluids for many hours; 
the electrodes have yielded correct po- 
tentials in standard solutions immedi- 
ately upon removal. The electrodes also 
show the expected potentials when 
known concentration changes of Nat, H*, 
K*, or Ca* are produced in the afore- 
mentioned fluids and when the unknown 
contribution to the ionic strength due to 
protein is disregarded [see Northrup and 
Kunitz (13) and Scatchard et al. (14) 
for data supporting this assumption]. 
When using these electrodes in intact 
biological systems, one must also be able 
to distinguish other sources of electrical 
potential difference between the elec- 
trodes such as electric potential fields of 
membrane origin or diffusion potentials 
which might result from extracellular 
ionic concentration gradients. Methods 








have been developed which are capable 
of accomplishing this distinction (15) 
both in principle and in simple cases 
which have been tested. 

While our primary concern has been 
to maximize Nat specificity (the limits 
of which are still unknown), we have 
also discovered that certain compositions 
of the Na,O-Al,O,-SiO, system are more 
sensitive to K+ than to Nat. Thus, in 
Figure 3D, such a composition region is 
seen in the shaded area below the 1 con- 
tour line. The most selective glass of this 
system for K+ relative to Na* lies below 
the 0.3 contour and is about 6 times as 
sensitive to K+ as to Nat. It should be 
noted that, by using such a glass elec- 
trode in conjunction with the highly Na* 
selective NAS,,.15 electrode, it is pos- 
sible to measure uniquely both the Na+ 
and K+ activities of an unknown mixture 
if one solves the two simultaneous elec- 
trode equations. 











50% / \ 


Conclusion 


We conclude that a sodium alumino- 
silicate glass containing 11 moles percent 
of Na,O, 18 moles percent of Al,O,, and 
71 moles percent of SiO, offers elec- 
trodes of practical usefulness for selec- 
tively measuring the sodium ion activity 
as a continuous function of time in cer- 
tain ionic mixtures, including extracellu- 
lar biological fluids. 
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Fig. 3. Contours of isosensitivity in the high-silica corner of the NasO-AlsOs-SiO. composition field. Coordinate lines are given at 5 
moles percent intervals. Points represent chemically analyzed glass compositions studied. The contour lines of isosensitivity are graphi- 
cal interpolations from electrode potential data obtained at these composition points. The contour numbers indicate the ratio of the 
relative sensitivities for the specified ion pairs and are reciprocals of the ka» values. Data in A, B, and D were obtained at pH 7.6; data 
in C were obtained at pH 6.6. In D note regular change in Na* to K* sensitivity and especially its reversal across the 1 contour line. 
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tute of Technology, who made two initial 
melts of Du glass.) Denver fire clay or alum- 
ina crucibles were used. SiO, was added as 
Pennsylvania Glass Sand, Na,O as the carbon- 
ate, and Al,O, as the hydroxide (both as Mal- 
linckrodt analytical reagents). Two composi- 
tions (NAS,,_49, NAS,,_,,) were made to our 
specifications by E. B. Shand of the Corning 
Glass Works. Glasses were analyzed for major 
constituents and trace impurities by the U.S. 
Testing Company. The final composition dif- 
fers from that of the initial mixture in a com- 
plex manner but always has a significantly 
lower Na,O and AI,O, content. The losses 
generally take place along paths pointing to- 
ward the SiO, corner of the ternary diagram 
and are roughly proportional to the initial 
Na,O or Al,O, content. Data in terms of in- 
itial composttion also yield systematic plots, 
a useful finding for surveying glasses. Haber- 
type bulb electrodes (3 to 10 mm in diameter) 
were made from small pieces of tubing blown 
in a gas-oxygen flame. A few small membrane 
electrodes (less than 300 u in diameter) on 
lead glass stems were prepared by modifying 
the method of MacInnes and Dole. It should 
also be possible to prepare microelectrodes in 
the form of fine capillaries of sodium-sensitive 
glass sealed by fusing at the tip. Electrodes 
were filled with 0.1M NaCl and stored in the 
same solution at least 24 hours prior to study, 
although 0.1M HCl was also used without 
difference in results. A chlorided silver wire 
formed the internal electrode. Immediately 


prior to study, the stem of the electrode was 
rinsed with distilled water, dried and insulated 
by dipping in paraffin. The insulation proved 
satisfactory for several hours and cou!'d be re- 
newed when necessary. The bulk of the meas- 
urements were made in solutions less concen- 
trated than 0.1M with a Beckman model G 
pH meter and a Beckman KCI calomel fiber 
reference cell. Solutions were prepared directly 
from Baker analyzed reagents and analyzed 
spectrographically for impurities, which were 
found to be unimportant. Experiments were 
designed so that liquid junction potentials 
contributed no important error. (In Figs. 1 
and 2, the liquid junction was held constant 
by keeping the concentration of the macro- 
component of the mixture unchanged; in Fig. 
3, only the glass electrode was varied.) Single- 
ion activity coefficients for Na+ and K+ equal 
to the mean activity coefficients were assumed. 
The resistance of representative bulb elec- 
trodes lay between 108 and 10° ohms. Most 
glasses respond rapidly to Na+ change, coming 
to a stable value while being washed. No at- 
tempt has been made to measure the high- 
frequency noise (above 100 cy/sec) or to 
measure the response time to a rapid step in 
Nat concentration. 

4. M. Dole and B. Z. Wiener, Trans. Electro- 
chem. Soc. 72, 107 (1937). 

5. M. Dole, The Glass Electrode (Wiley, New 
York, 1941). 
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News of Science 


Archeological Discoveries in Iraq 


The Smithsonian Institution sponsored 
an archeological expedition to Shanidar 
Valley in the Zagros Mountains of north- 
ern Iraq during the season 1956-57 that 
has resulted in several important dis- 
coveries, chief of which are the finding 
of two adult human skeletons of pre- 
modern type in Shanidar Cave and the 
discovery of an early Neolithic village 
site nearby. Ralph S. Solecki of the 
Smithsonian led the expedition, his third 
to the area. 

The discovery of the two skeletons, as 
well as an earlier find, that of a child’s 
skeleton in 1953, places Shanidar Cave 
among the more important Early Man 
sites in the Old World. In western Asia 
it is second only to the Mount Carmel 
site in Palestine in upper Pleistocene 
skeletal remains. 

Both of the adult skeletons were re- 
covered from the top of the Mousterian 
layer, the bottommost of four strati- 
graphic layers at Shanidar Cave. One of 
the skeletons was found at a depth of 
14.5 feet below the surface, and the other 
at about 23 feet. In both, the bones were 
in an unfossilized or natural state. 
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The Mousterian layer is recognized as 
belonging to the Middle Paleolithic pe- 
riod associated with Neanderthal man. 
The skeletal remains appear to be of 
Neanderthal type on preliminary obser- 
vation, and their position in the upper 
part of the Mousterian layer, above 
which was found a layer containing Up- 
per Paleolithic artifacts very similar in 
type to its Aurignacian counterpart in 
western Europe, indicates a very late 
type of Neanderthal man. The bottom 
of the Upper Paleolithic layer has been 
dated by the carbon-14 test to be about 
34,000 years old. 

The shallower of the two skeletons, by 
virtue of its stratigraphic depth, is pos- 
sibly about 45,000 years old. Although 
the bones in this skeleton were broken, 
the skeleton is fairly complete. It meas- 
ures about 5 feet 3 inches long. The 
skull appears to represent a “conserva- 
tive” Neanderthaloid, unlike the “pro- 
gressives’ of Mount Carmel, which 
show mixed features resembling both 
Homo sapiens as well as Neanderthals. 
In fact, the skull of Shanidar man more 
closely resembles that of the Neander- 
thal man of the La Chapelle-aux-Saints 
(France) find, which is a classic or con- 
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servative type. There is one very appar- 
ent exception to the resemblance. The 
brow ridge in the Shanidar specimen, 
instead of being carried across above the 
eyes in a continuous bulge, or “torus,” is 
broken between the eyes. The teeth, 
which show rather heavy wear, are in 
very good condition. 

The second skeleton is not so well pre- 
served as the first. The skull has a heavy 
brow ridge above the eyes, and the teeth 
are worn quite flat. A conservative esti- 
mate for the age of the skeleton might 
be 60,000 years, 

Artifacts of chipped stone were found 
in the same strata as the skeletons, asso- 
ciated with remains of fire hearths, show- 
ing that the cave had been a habitation 
site. These artifacts are Mousterian in 
type. 

The nearest locus of ancient skeletal 
or paleoanthropological finds in signifi- 
cant numbers is Mount Carmel, where 
Neanderthal skeletons of both conserva- 
tive and more humanly advanced or pro- 
gressive types have been recovered. One 
of the more interesting problems associ- 
ated with the discovery of the Shanidar 
skeletons is that it appears that the Ne- 
anderthal progressives of Mount Carmel 
were earlier in time than the Shanidar 
remains. It would seem that Neander- 
thal man of a very backward or conserv- 
ative type existed in the mountains of 
Kurdistan, while only 600 miles away in 
Palestine a type of man with some Homo 
sapiens characteristics lived and died 
some thousands of years before. 

The recent excavations bring the total 
of skeletal finds at Shanidar Cave to six, 
including three skeletons of Mousterian 
man or Neanderthaloids, two Neolithic 
burials, and one Islamic age skeleton. 
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There is promise of additional finds, 
since only a portion of the cave deposits 
has been examined. 

The early Neolithic village site inves- 
tigated by the expedition fits in the stra- 
tigraphic record of the long sequence in 
Shanidar Cave. The stone foundation re- 
mains that were uncovered indicate some 
kind of rude architecture. The site is one 
of the oldest thus far known in Meso- 
potamia, predating the village site of 
Jarmo, excavated in southern Kurdistan 
by the University of Chicago expeditions 
several years ago. It appears to equate 
with Karim Shahir, one of the early vil- 
lage sites identified in Iraq. 

The Iraq expedition was supported by 
grants from the Smithsonian Institution, 
the American Philosophical Society, the 
National Science Foundation, the Wen- 
ner-Gren Foundation for Anthropologi- 
cal Research, and the William Bayard 
Cutting Traveling Fellowship of Colum- 
bia University. Two oil companies in the 
Near East, the Iraq Petroleum Company 
and the Arabian American Oil Com- 
pany, cooperated in the expedition’s 
work, As in the past two seasons, the 
Iraq Directorate of Antiquities gave its 
cooperation. 


Deep-Sea Organisms 


Live specimens of a sand flea and a 
sea worm were recently brought up from 
ocean depths of 13,200 and 16,200 feet, 
respectively, by a research group aboard 
the Vema, a vessel operated by Columbia 
University’s Lamont Geological Observa- 
tory. Robert Menzies, director of biology 
and research associate in geology at La- 
mont, was chief scientist of the expedi- 
tion. 

Usually organisms brought to the sur- 
face from great depths are dead. The 
sand flea, really a shellfish that resembles 
a ¥%-inch lobster, survived a temperature 
change of from 34°F to 61°F without 
any apparent ill-effects. It was taken in 
the Congo Submarine Canyon off the 
coast of West Africa at latitude 5°S., 
longitude 8°E. The worm was taken in 
the Cape Basin off South Africa at lati- 
tude 28°S., longitude 8°E., and under- 
went the same temperature changes as 
the sand flea. 


AEC Program to Aid Nuclear 
Technology in the Life Sciences 


The Atomic Energy Commission has 
established another program to stimulate 
education and training in the applica- 
tion of nuclear technology to the life 
sciences. The commission has announced 
that it will make grants for the acqui- 
sition of specialized radiation equipment 
and teaching aids by accredited schools 
of agriculture, veterinary medicine, medi- 
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cine and pharmacy, and public health, 
and by departments of biophysics and 
biology in colleges and universities. 

. Assistance will be provided for the pur- 
chase of radioisotopes and specialized 
equipment—including radiation detec- 
tion, monitoring, and counting instru- 
ments—equipment for laboratory in- 
struction in the analytical chemistry of 
radioactive materials of direct applica- 
tion in the life sciences, and equipment 
for laboratory instruction in health phys- 
ics. Grants may not exceed $250,000 for 
any single institution. Further informa- 
tion about the new program may be ob- 
tained from the Director, Division of 
Biology and Medicine, U.S. Atomic 
Energy Commission, Washington 25, 


D.C. 


Report on Research 


The implications of basic research for 
the Nation’s economy and defense are 
still not properly appreciated in this 
country, according to a report on Basic 
Research-A National Resource by Alan 
T. Waterman, director of the National 
Science Foundation. Waterman com- 
pares the financial support given applied 
research and development with that af- 
forded basic research; he finds economic 
incentives sufficient to insure the future 
of the former, but not of the latter. He 
also emphasizes that basic research needs 
increased support from private industry, 
state government, foundations, and the 
general public; however, when other 
sources are not available, the Federal 
Government must assume responsibility 
for support. The report, which is written 
in nontechnical language, is on sale for 
45 cents a copy at the Government Print- 
ing Office, Washington 25, D.C. 


Rheumatic Fever Institute 
Merges with Worcester Foundation 


The Rheumatic Fever Research Insti- 
tute, Chicago, Ill., merged with the Wor- 
cester Foundation for Experimental Biol- 
ogy, Shrewsbury, Mass., on 1 October. 
The institute has turned over its person- 
nel, research projects, assets, grants, and 
name to the Worcester Foundation and 
will move to Massachusetts in the fall of 
1958, when a new laboratory is expected 
to be completed. Scientists making the 
changeover will include Eugene L. Hess, 
known for his studies of proteins of the 
lymphatic system, and Yutaka Kobaya- 
shi, an entomologist. 

The Chicago Institute was incorpo- 
rated in 1947 under the directorship of 
A. F. Coburn as an independent, non- 
profit medical research institute affiliated 
with the Northwestern University Medi- 
cal School. It employed about 25 people, 
including those working on basic research 


and physicians studying clinical aspects 
of rheumatic fever. Under the merger 
the clinical work has been discontinued, 
and basic biochemical studies have been 
emphasized. 

Until the new laboratory is completed, 
adding approximately 25,000 square feet 
to the Worcester Foundation, a branch 
of the foundation will be maintained on 
the top floor of the Municipal Contagious 
Disease Hospital in Chicago. 


NSF Fellowships 


The National Science Foundation has 
announced that applications are now be- 
ing accepted in four of its fellowship pro- 
grams for advanced study and research 
in the natural sciences: a predoctoral 
fellowship program for which college 
seniors and graduate science students 
may apply; a postdoctoral fellowship 
program; a senior postdoctoral fellowship 
program for candidates who have held 
the science doctorate for a minimum of 
5 years; and a science faculty fellow- 
ship program for college teachers of sci- 
ence who wish to improve their compe- 
tence as teachers. 

Approximately 1000 awards will be 
made to American citizens in March 
1958. Under the broadened program. 
fellowships will be awarded in the 
mathematical, physical, medical, biolog- 
ical, engineering, and other sciences, in- 
cluding anthropology, psychology (other 
than clinical), geography, certain inter- 
disciplinary fields, and areas of converg- 
ence between the natural and _ social 
sciences. 

Stipends vary with the academic status 
of the fellow. First-year fellows, students 
entering graduate school for the first 
time or those who have had less than 1 
year of graduate study, will receive an- 
nual stipends of $1600. Fellows who 
need one final academic year of training 
for the doctor’s degree will receive an- 
nual stipends of $2000. Fellows between 
these groups will receive stipends at the 
rate of $1800 annually. The stipends for 
regular postdoctoral fellows will be 
$3800 per year. Dependency allowances 
will be made to all married fellows. 
Tuition and laboratory fees and limited 
travel allowances will also be provided. 

Senior postdoctoral fellows and sci- 
ence faculty fellows are awarded sti- 
pends adjusted to match as closely as 
feasible the regular salaries of the award 
recipients up to a maximum of $10,000 
per year. A travel allowance is also 
usually made available. 

National Science Foundation fellows 
may attend any accredited nonprofit in- 
stitution of higher education in the 
United States or a similar institution 
abroad. Applications for the 1958-59 
National Science Foundation graduate 
and regular postdoctoral fellowship pro- 
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gram may be obtained from the Fellow- 
ship Office, National Academy of Sci- 
ences—National Research Council, 2101 
Constitution Ave., NW, Washington 25, 
D.C. The closing dates for receipt of 
applications are 23 December 1957 for 
postdoctoral applicants, and 3 January 
1958 for graduate students working 
towards advanced degrees in science. 
Applications for the senior postdoc- 
toral and the science faculty fellowships 
may be obtained from the Division of 
Scientific Personnel and Education, Na- 
tional Science Foundation, Washington 
25, D.C. Completed material must be 
received not later than 13 January 1958. 


Teaching Films 


A sound-track teaching film, “Respira- 
tory Gases and the Determination of the 
Respiratory Quotient,’ may be pur- 
chased or rented from the Bureau of 
Audio-Visual Instruction, State Univer- 
sity of Iowa. The reel, which was pro- 
duced by the department of physiology, 
provides demonstrations of several in- 
struments, including the Haldane gas 
analyzer, and shows a sample calcula- 
tion that might be required of students. 
Two additional teaching films are being 
planned. 


Protein Molecule That 
Contains Cadmium 


A protein of low molecular weight that 
contains 2.2 percent cadmium has been 
isolated from the cortex of the horse kid- 
ney by Marvin Margoshes and Bert L. 
Vellee of the department of medicine at 
Harvard Medical School. The exact 
physiological function of the cadmium 
has not yet been determined. However, 
isolation of the cadmium-containing pro- 
tein bears out an earlier hypothesis that 
cadmium, like zinc, could be part of pro- 
tein molecules that occur naturally. The 
work was reported in a recent issue of 
the Journal of the American Chemical 
Society. 


New Biology Quarterly 


A new quarterly journal, Perspectives 
in Biology and Medicine, has been an- 
nounced by the Division of Biological 
Sciences at the University of Chicago. 
The journal, which is dedicated to a 
multidisciplined approach to the prob- 
lems of biology and medicine, will pre- 
sent new hypotheses and concepts as well 
as interpretive essays dealing with recent 
and current research. 

Dwight J. Ingle and S. O. Waife are 
the editors for the publication. They will 
be assisted by an 11-member editorial 
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board and by a 12-man advisory board 
that includes Sir Henry Dale of Lon- 
don, B. A. Houssay of Buenos Aires, 
and U. S. von Euler of Stockholm. Sub- 
scriptions for the journal ($6) are now 
being accepted by the University of Chi- 
cago Press, 5750 Ellis Ave., Chicago, Ill. 


Graduate Education 


The Carnegie Corporation of New 
York has announced that it will sponsor 
a 2-year, $100,000 study of graduate edu- 
cation in the United States. The project 
will be conducted by Bernard Berelson, 
who returned to the University of Chi- 
cago on 1 October as professor of the 
behavioral sciences. Since 1951, Berelson 
has been director of the Ford Founda- 
tion’s behavioral sciences program. 

The survey will be concerned with the 
objectives, standards, and functions of 
the graduate school in the American sys- 
tem of higher education. Berelson will 
make a broad review of the history of 
graduate education and its institutions in 
order to locate and interpret major trends 
and active issues. 

Among the specific topics he will ex- 
amine are the recruitment of students 
and placement of graduates; relations be- 
tween graduate education and _ profes- 
sional education, and between graduate 
education and undergraduate programs; 
the development of postdoctoral pro- 
grams; and problems of financial support. 
The final report will discuss the impor- 
tant issues and problems facing gradu- 
ate education, current policies and al- 
ternatives, and make recommendations 
about the formation of graduate school 
policies in the coming decades. 


News Briefs 


A 36-circuit submarine telephone cable 
system, probably the world’s longest and 
deepest, has recently been completed. 
The two cables in the system cross the 
Pacific between Point Arena, Calif., and 
Hanauma Bay near Honolulu, Hawaii. 
The lines were laid by the American 
Telephone and Telegraph and the Ha- 
waiian Telephone Company at a cost of 
$37 million. American and Canadian 
operators can now dial any number on 
the island of Oahu, and conversely, 
Honolulu operators can dial 6900 Amer- 
can and Canadian towns. 

* * * 

A new twin-tailed comet has been dis- 
covered. It was first sighted by Howard 
S. Gates of the Mount Palomar Ob- 
servatory. 

* * * 

New York University plans a $1,750,- 
000 expansion of its College of Dentistry. 
A ten-story building has been purchased 


that will complete the development of a 
Dental Center. The new quarters will at 
least double the area for teaching the 
clinical sciences in dentistry. 

* * * 

A survey of New York City’s high 
school seniors was conducted recently in 
an effort to determine the percentage of 
students who were considering science as 
a career. The survey was carried out by 
Samuel Schenberg, Science Supervisor of 
the New York City Board of Education, 
and is reported in the 30 September issue 
of Chemical and Engineering News. 

* * * 

Fifteen scientists from five continents 
recently participated in a 5-day confer- 
ence in Washington, D.C., to study the 
classification of atherosclerotic lesions. 
The meeting, which was called by the 
World Health Organization, was con- 
ducted by the Pan American Sanitary 
Bureau with collaboration of the Na- 
tional Heart Institute. 

* * * 

An educational TV series entitled In- 
ternational Geophysical Year has been 
arranged by National Broadcasting Com- 
pany and the Educational Television and 
Radio Center. The 10-week program be- 
gins on 28 October. Six well-known sci- 
entists are participating: Joseph Kaplan, 
Roger R. Revelle, Laurence M. Gould, 
the Rev. J. Joseph Lynch, Lloyd V. Berk- 
ner, and Walter O. Roberts. 

* * * 

Exercises in commemoration of John 
Clayton, a botanist of the American 
colonial period, were held on 11 October 
in Williamsburg, Va., under the sponsor- 
ship of the College of William and Mary 
and the Garden Club of Virginia. 

* * * 


A safe, portable container for radio- 
isotopes used to x-ray ship structures has 
been developed at the U.S. Naval Ord- 
nance Laboratory. In addition to its pri- 
mary purpose, the exposure fixture, 
which was built by John C. Friedrichs of 
the X-Ray Laboratory, also provides a 
means of temporary storage. 


Soviet Scientific Literature 


An article on the “Publication of Sci- 
entific Literature in USSR During 1957” 
appeared in a recent issue of Current Sci- 
ence, a journal that is published in India 
for the Current Science Association, 
Bangalore. The article said: 

“The USSR Academy of Sciences will 
put out close to 1,500 titles and issue 
Journals [containing a total of] . . . 32,- 
000 signatures in 1957. The range of sub- 
jects will cover all spheres of the humani- 
tarian, natural and technical sciences. 

“Tn the scientific and technical part of 
the programme of publications envisaged 
by the Academy, mention may be made 
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of books on mathematics, physics. and 
chemistry, including works by the mathe- 
maticians A. M. Lyapunov and N. N. 
Luzin, Geophysicist P. P. Lazarev, Physi- 
cist Y. I. Frenkel, Organic Chemist A. 
N. Butlerov, and Radiochemist V. G. 
Khlopin. 

“The computation mathematics series, 
recently organised by the Computation 
Centre of the Academy, will contain arti- 
cles on methods of solving mathematical 
problems, estimates of errors of different 
methods and the solution of concrete 
mathematical problems. 

“The biography of the great mathema- 
tician N. I. Lobachevsky, including 360 
documents of archive materials unpub- 
lished previously, has been prepared by 
the Institute of History of Natural and 
Technical Sciences. 

“Revised and supplemented editions of 
Academician A. F. Joffe’s Physics of 
Semi-Conductors first issued in 1955, will 
be put out, as also L. I. Brekhovakikh’s 
monograph of ‘Waves in Layered Media.’ 

“To commemorate the Fiftieth Death 
Anniversary of I. D. Mendoleyev, the 
great Russian chemist, the Academy has 
collected articles from Soviet scientists 
[to issue] .. . as ‘Classics of Science,’ and 
also has arranged publication of a book 
entitled The Periodic Law, describing 
Mendoleyev’s classical works on the sub- 
ject. 

“A volume of previously unpublished 
manuscripts of Charles Darwin and a 
monograph by Academician N. I. Vavi- 
lov on ‘World Resources of Local and 
Selected Varieties of Cereals, Grains, 
Legumes and Flax and Their Use in 
Plant Breeding’ will also be published. 

“In addition, the publication of impor- 
tant books on the different branches of 
engineering, biochemistry, microbiology, 
soil sciences, zoology, physiology, botany, 
genetics and forestry is in the pro- 
gramme.” 


Scientists in the News 


FARRINGTON DANIELS, chair- 
man of the department of chemistry at 
the University of Wisconsin, has won the 
annual $1000 James Flack Norris Award 
of the American Chemical Society’s 
Northeastern Section for “excellence in 
the teaching of chemistry.” He will re- 
ceive the prize at a meeting of the North- 
eastern Section on 15 Nov. 


JOSHUA R. C. BROWN, associate 
professor of zoology at the University of 
Maryland, has joined the staff of AAAS 
for the academic year 1957-58 as assist- 
ant director of the Science Teaching Im- 
provement Program. Brown will give 
four-fifths of his time to the AAAS and 
one-fifth to Maryland, where he will con- 
tinue his research in cytology and direct 
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the work of graduate students. During 
the summer he served as assistant direc- 
tor of the university’s summer institute 
for science teachers that was sponsored 
by the National Science Foundation. 
Brown replaces I. E. WALLEN, who has 
joined the staff of the educational divi- 
sion of the Atomic Energy Commission. 


I. MELVILLE STEIN, president of 
Leeds and Northrup Company, Philadel- 
phia, Pa., has received an honorary de- 
gree of doctor of science from Rensselaer 
Polytechnic Institute. 


HAROLD P. STEPHENSON, for- 
merly professor of physics at Illinois 
Wesleyan University in Bloomington, has 
recently joined the staff of the Duke 
University College of Engineering as as- 
sociate professor of mechanical engi- 
neering. 


AKSEL A. BOTHNER-BY, a mem- 
ber of the chemistry faculty at Harvard 
University, has been appointed a staff 
fellow in fundamental research at the 
Mellon Institute, Pittsburgh, Pa. 


ARTHUR A, FROST, a member of 
the Northwestern University chemistry 
faculty since 1936, has been named chair- 
man of the chemistry department for the 
1957-58 academic year. He succeeds 
ROBERT L. BURWELL, Jr., who is re- 
tiring as chairman to devote more time 
to teaching and research. 


MALCOLM C. McGREGOR, an of- 
ficer of the Australian National Stand- 
ards Laboratory, is at present in Wash- 
ington, D.C., as a consultant to assist the 
National Bureau of Standards in setting 
up a new type of capacitance bridge that 
he recently developed in Australia in col- 
laboration with A. M. THOMPSON, 
The bridge is of the induction ratio arm 
type, and its use makes measurement of 
capacitance to the order of 1 micropico- 
farad possible. Details have not yet been 
published. McGregor expects to remain 
in the United States for about 6 months. 
He will be working in the Section of 
Electricity and Electronics at NBS. 


R. W. BROWN, former director of the 
George Washington Carver Foundation, 
has been appointed to the newly created 
position of dean of research at Tuskegee 
Institute. He will have general responsi- 
bility for the organized research pro- 
grams of both the Carver Foundation 
and the institute’s department of social 
science research, 

CLARENCE T. MASON, former di- 
rector of research at the Carver Founda- 
tion, has been appointed director of the 
foundation and chairman of the Tuskegee 
Division of Natural Sciences. The divi- 
sion has been organized under the Col- 


lege of Arts and Sciences to include the 
departments of chemistry, biology, phys- 
ics, and mathematics. 


CHARLES D. MARPLE, medical di- 
rector of the American Heart Associa- 
tion since 1952, has been appointed medi- 
cal director of the American Foundation 
for Allergic Diseases, New York. He will 
administer the research and _ scientific 
program of the foundation, as developed 
by its Scientific and Educational Council, 
and will be responsible for developing an 
educational program for both physicians 
and laymen concerned with the causes, 
treatment, and prevention of allergic dis- 
eases, and with related basic sciences. 


CARROLL E. PALMER, research 
worker for the U.S. Public Health Serv- 
ice, has won the Weber-Parkes Prize of 
the Royal College of Physicians, London. 
He is to receive the award, a silver medal 
and $441 in cash, for his work in tuber- 
culosis immunization with BCG. 


D. J. STRUIK, professor of mathe- 
matics at Massachusetts Institute of 
Technology, has been nominated to an 
Extraordinary Professorship at the Na- 
tional University of Mexico, Mexico, 
D.F. He also has been elected an honor- 
ary member of the Mexican Mathemati- 
cal Society. 


HAROLD L. STEWART, chief of the 
Pathological Anatomy Branch, Clinical 
Center, National Institutes of Health, 
Washington, D.C., and chief of pathol- 
ogy for the National Cancer Institute, 
has received the Ward Burdick Award, 
which is given annually for outstanding 
service in the field of pathology. The 
presentation was made during the joint 
annual meeting of the American Society 
of Clinical Pathologists and the College 
of American Pathologists that took place 
recently in New Orleans, La. 


WILLIAM F. MARLOW, formerly 
a radiochemist for the U.S. Army Engi- 
neers Research and Development Labo- 
ratories, Fort Belvoir, Va., has joined the 
radioactivity section of the National Bu- 
reau of Standards. He will investigate the 
chemical principles involved in the prep- 
aration of radioactivity standards; these 
are used for calibration of equipment for 
radiation measurement in scientific, med- 
ical, and industrial laboratories through- 
out the country. 


MARY E. RAWLES has joined the 
staff of the department of embryology of 
the Carnegie Institution of Washington, 
Baltimore, Md., where she will not only 
continue her studies of development in 
birds and mammals, but will also assume 
new responsibilities as the curator of 
the Carnegie Embryological Collection. 
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Throughout her scientific career, Rawles 
has been closely associated with B. H. 
Willier, for the past 17 years in the de- 
partment of biology at Johns Hopkins 
University. 


RICHARD K. WINSLOW, for the 
past 3 years science editor of Newsweek 
magazine, has been named science editor 
of Doubleday & Company, Inc., book 
publishers. 


JOSEPHINE M. MITCHELL, a re- 
search mathematician at the Westing- 
house Research Laboratory, has been ap- 
pointed associate professor of mathemat- 
ics at the University of Pittsburgh. Also 
at Pittsburgh, ARNOLD H. BUSS, for- 
merly chief psychologist for the Carter 
Memorial Hospital in Indianapolis, Ind., 
has been named associate professor in 
the department of psychology. 


FRANS VERDOORN, managing edi- 
tor of the Chronica Botanica Company 
and secretary of the International Bio- 
historical Commission of Waltham, 
Mass., has been appointed director of 
the new Biohistorical Institute of the 
University of Utrecht, Netherlands. This 
institute, now being set up in conjunction 
with Professor Lanjouw’s Botanical Mu- 
seum and Herbarium, will concern itself 
with the cultural, historical, and other 
humanistic and related aspects of the 
pure and applied life sciences, with some 
special reference to the plant sciences. 
It will be located in a building at 187 
Nieuwe Gracht, bordering on the 
Utrecht Hortus Botanicus. 

The publication program of the 
Chronica Botanica Company (with the 
exception of certain biohistorical publi- 
cations to be issued in the Netherlands) 
is being taken over by the Ronald Press 
Company of New York City. Verdoorn 
will act as consulting editor, while JOHN 
A. BEHNKE, science editor and vice 
president of Ronald Press, will develop 
a “Chronica Botanica” division that will 
publish forthcoming volumes of Chron- 
ica Botanica and related serials. 


JOHN C. CROWELL has been ap- 
pointed chairman of the department of 
geology at the University of California, 
Los Angeles, to succeed WILLIAM C. 
PUTNAM, who will have completed a 
term of service of more than 7 years in 
the rotating departmental chairmanship. 


Emeritus titles have been conferred on 
the following members of the science 
faculty at the University of Michigan: 
GEORGE M. BLEEKMAN, assistant 
professor emeritus of geodesy and sur- 
veying; CARL J. COE, assistant profes- 
sor emeritus of mathematics; ROBERT 
C. COLE, professor emeritus of engi- 
neering drawing; LEE R. DICE, pro- 
fessor emeritus of zoology; KASIMIR 
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FAJANS, professor emeritus of chemis- 
try, HOLGER M. HANSEN, professor 
emeritus of engineering drawing; JAMES 
H. HODGES, associate professor emer- 
itus of chemistry; REUBEN L. KAHN, 
professor emeritus of serology of syphilis 
and chief emeritus of the serology labo- 
ratory and of the serologic consultation 
service; JAMES A. NYSWANDER, as- 
sociate professor emeritus of mathemat- 
ics; MARTIN J. ORBECK, professor 
emeritus of engineering drawing; EARL 
C. O’ROKE, professor emeritus of forest 
zoology; EDWARD YOUNG, professor 
emeritus of geodesy and surveying. 


GILBERT J. DALLDORF, director 
of the Division of Laboratories and Re- 
search, New York State Department of 
Health, has been appointed associate 
medical director of the National Founda- 
tion for Infantile Paralysis, effective 1 
Jan. 1958. Long a leader in virus re- 
search, Dalldorf is known particularly 
as having been director, in 1947, of the 
project which first isolated the Coxsackie 
viruses, named for the New York State 
community in which they were first 
found. Some of these viruses cause symp- 
toms similar to those of nonparalytic 
poliomyelitis; others have been found to 
be agents responsible for a number of 
cases of myocarditis in children. 


C. JELLEFF CARR, formerly profes- 
sor of pharmacology at Purdue Univer- 
sity, has joined the Psychopharmacology 
Service Center of the National Institute 
of Mental Health as senior research phar- 
macologist. 


ARTHUR B. LEWIS, chairman of 
the department of physics and astronomy 
at the University of Mississippi, has been 
named dean of the university’s College of 
Liberal Arts. 


Ramo-Wooldridge Corporation, Los 
Angeles, Calif., has announced the elec- 
tion of three new vice presidents: RU- 
BEN F. METTLER, associate director 
of the company’s Guided Missile Re- 
search Division; BURTON F. MILLER, 
director of the Communications Division; 
and MILTON E. MOHR, group direc- 
tor of the Control Systems and Boston 
Divisions. 


Brigadier General JACQUARD H. 
ROTHSCHILD ‘retired from the mili- 
tary service on 30 Sept. At the time of his 
retirement he was commanding general 
of the Army Chemical Corps Research 
and Development Command, with head- 
quarters in Washington, D.C. Rothschild 
graduated from the United States Mili- 
tary Academy in 1930 and has served 
with the Army continuously since then. 
He also is a graduate of Massachusetts 
Institute of Technology with a master of 
science degree in chemical engineering 


practice. Rothschild will spend several 
months traveling abroad before settling 
in Boulder, Colo. 


Recent Deaths 


ERNST ARTSCHWAGER, senior 
pathologist of the Agricultural Research 
Service, U.S. Department of Agriculture, 
who had been conducting research at the 
New Mexico Agricultural Experimental 
Station for the past 25 years; 12 June. 

BLASIUS BART, Chatham, N.J.; 74; 
electrochemist; held more than 30 pat- 
ents in electrochemistry; founder and 
former head of the Bart Laboratories in 
Belleville, N.J.; 3 Oct. 

LOUIS BONVICINO, Brooklyn, 
N.Y.; 68; retired neuropsychiatrist who 
taught neurology at several New York 
area medical schools; had been chief of 
neurological services at the former Ital- 
ian Hospital and at the International 
Medical Center; 2 Oct. 

JOHN W. BRANSON; president of 
New Mexico College of Agriculture and 
Mechanic Arts who had been successively 
head of the department of mathematics 
and dean of the college; 29 Sept. 

JACOB W. FRANK, Drexel Hill, Pa.; 
84; early leader in the x-ray field; one of 
the first to experiment with the use of 
intensifying screens in x-rays; first profes- 
sor of radiology at Hahnemann Medical 
College and formerly head of its radiol- 
ogy department; 3 Oct. 

JEKUTHIEL GINSBURG, New 
York, N.Y.; 68; professor of mathematics 
and director of the Institute of Mathe- 
matics at Yeshiva University; founder 
and editor of the university’s journal, 
Scripta Mathematica; coauthor of His- 
tory of Mathematics in America and au- 
thor of Number and Numerals; 7 Oct. 

ELIZABETH I. PARSONS, Atlanta, 
Ga.; 63; bacteriologist in charge, Gen- 
eral Diagnostic Bacteriology Unit, Com- 
municable Disease Center, U.S. Public 
Health Service, Chamblee, Ga.; former 
director of the State Hygienic Labora- 
tory at Charleston, W.VA.; 6 Aug. 

ROBERT L. PENDLETON, Balti- 
more, Md.; 67; Isaiah Bowman School 
of Geography, Johns Hopkins University; 
well known for his research on laterite 
and lateritic soils and for his many con- 
tributions both on land use in the tropics 
and in geography; 23 June. 

EUGENE T. SCUDDER, East Or- 
ange, N.J.; chemical engineer for the 
Tung-Sol Electric Company, Bloom- 
field, N.J.; former Republican member 
of the State Assembly; partner in the 
Johnson and Scudder Chemical Labora- 
tory, Hanover, N.J.; 3 Oct. 

WILLIAM F. SUDRO, Neenah, Wis.; 
72; retired dean of the School of Phar- 
macy at North Dakota State College; 
member of the North Dakota faculty for 
48 years; 30 Sept. 
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Preserving Fluorescein Isocyanate 
for Simplified Preparation of 
Fluorescent Antibody 


The extension of the fluorescent anti- 
body technique (/) to staining microor- 
ganisms and viruses in clinical material 
(2) and the use of such labeled anti- 
bodies in a serological procedure (3) 
have made this technique of practical 
interest to many more laboratories than 
was previously the case. A major ob- 
stacle to the more widespread use of this 
valuable method has been the problem 
of preparing the fluorescein-labeled re- 
agent. In this preparation, conversion of 
amino-fluorescein to fluorescein isocya- 
nate is an important step. Because of the 
unstable nature of fluorescein isocyanate, 
the original recommendation was that it 
be prepared immediately before being 
mixed with the protein solution to be 
labeled (7). Inasmuch as conversion to 
the isocyanate requires the use of phos- 
gene gas, which requires special care in 
handling because of its toxicity, the pro- 
cedure is not well suited for intermittent 
performance by small laboratories, which 
may need to label different solutions at 
long intervals of time. For this reason, any 
method of stabilizing the isocyanate so 
that it can be kept on hand for long 
periods of time and shipped in a simple 
manner from one place to another is 
likely to extend greatly the potential use 
of fluorescein-labeled antibodies. 

One approach to this problem has 
been to prepare acetone solutions of iso- 
cyanate, seal them in glass ampules, and 
keep them at low temperature. Under 
these conditions, no significant deteriora- 
tion occurs for several months, at least 
(4). In this laboratory a different and 
simpler technique for stabilizing the iso- 
cyanate has been used. We have deter- 
mined that acetone-dioxane solutions of 
fluorescein isocyanate can be dried onto 
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filter paper or the like, and that the dried 
reagent stored in a desiccator at room 
temperature will remain active for at 
least 7 months (the longest period tested 
so far). 

In order to investigate this method, we 
used aliquots from an anti-Toxoplasma 
gondii globulin solution whose capacity 
to stain the homologous species after 
being labeled with fluorescein had al- 
ready been established (5). In assessing 
the quality of the labeling which was ob- 
tained with the dried isocyanate, homol- 
ogous organisms were exposed to dilu- 
tions of the various labeled aliquots, and 
the brightness of fluorescence of the or- 
ganisms was compared visually. The re- 
sults of several exploratory experiments 
have led us to adopt the following proce- 
dures for preparing and using dried iso- 
cyanate. 

Fluorescein isocyanate is prepared in 
the usual manner (/) and is dissolved in 
a quantity of acetone-dioxane (2/1) to 
yield a solution with the equivalent of 20 
mg of amine per milliliter of solution. 
One milliliter of the solution is delivered 
into a small flat dish, and a piece of 
thick, chromatographic paper, 20 mm 
square, is used to soak up the solution in 
a uniform manner. Before use, the chro- 
matographic paper is washed in distilled 
water and then in acetone in order to 
remove impurities that may cause the iso- 
cyanate to deteriorate. The acetone and 
dioxane we use to dissolve the isocyanate 
are both specially dried, the acetone by 
being kept over CaSO,, the dioxane, by 
having metallic sodium added to it and 
then by distilling off the water-free sol- 
vent. The paper containing the isocya- 
nate is dried in front of a fan for about 1 
minute and is then put into a loosely cov- 
ered glass dish, protected from light. The 
dish is kept in a desiccator over CaSQ,. 

Originally, in order to use the dried 
paper, we prepared a buffered reaction 
mixture containing acetone and dioxane 
as well as the protein solution to be 
labeled. Subsequently, as a result of com- 
parative experiments, it was found that 
dioxane in final concentration of up to 
40 percent in the reaction mixture did 
not significantly change the staining ca- 
pacity of the resulting labeled antibody 
solutions from that obtained in the ab- 
sence of dioxane. When the concentration 
of dioxane was increased to 80 percent, 
a significant degree of protein denatura- 


tion occurred, resulting in a distinct low- 
ering of staining capacity. As a result of 
these observations, we now use a reac- 
tion mixture that consists only of the pro- 
tein solution in saline and 0.5M car- 
bonate buffer at pH 9. The volume of 
buffer used is 10 percent of the volume 
of the protein solution to be labeled. The 
latter is brought to a concentration of 1 
g/100 g by means of a mixture of buffer 
and saline (6). 

The actual labeling process is very sim- 
ple. The required amount of isocyanate 
is computed in terms of amine on the 
basis of 0.05 mg of amine per milligram 
of protein to be labeled. With the volume 
and size relationships we use, a strip of 
paper 1.0 by 20 mm contains 1 mg of 
amine equivalent, making it simple to 
estimate the size of the strip needed. A 
piece of paper of the proper size is added 
to the protein solution, prepared as de- 
scribed above, and maintained in an ice 
bath. After vigorous shaking of the mix- 
ture to make sure that the paper is thor- 
oughly wetted down, the mixture is left 
overnight on a shaker in the cold and 
is then removed and dialyzed in the usual 
manner to remove the unreacted fluor- 
escein derivatives (1). 

Comparisons of the staining ability of 
conjugates prepared from dried, stored 
isocyanate and from freshly made iso- 
cyanate dissolved in acetone-dioxane 
have shown that the two types of con- 
jugates are entirely comparable. We have 
no information on the fluorescein-protein 
ratios which result when the two methods 
are used, but, on a practical basis, the 
dried isccyanate has yielded conjugat- 
that are as satisfactory as are those pre- 
pared in the conventional manner. 

One unexpected advantage of this 
method has been the fact that no visible 
denaturation of protein occurs with it, 
whereas there is considerable denatura- 
tion when the isocyanate is used in the 
conventional manner. This observation 
led us to attempt to react the same anti- 
body solution with fluorescein more than 
once in order to increase the staining 
power of the solution. The basis for try- 
ing this was the fact that it has been esti- 
mated that only 3 to 6 percent of the 
theoretically possible reactive sites of the 
protein molecules actually combine with 
fluorescein isocyanate in the usual label- 
ing procedure (7). Previous attempts on 
our part to react the same antibody solu- 
tions more than once with freshly pre- 
pared solutions of isocyanate had resulted 
in great losses of protein by denaturation. 
However, by using the dried isocyanate 
it has been possible to double, approxi- 
mately, the effective staining capacity of 
a solution by reacting it two or three 
times with the fluorescein. This is a dis- 
tinct advantage when one is working with 
weak antisera or with small quantities 
of serum, which can thus be made to go 
farther. 
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The method used for relabeling is es- 
sentially a repetition of the original proc- 
ess. After the unreacted fluorescein de- 
rivatives have been dialyzed away, the 
labeled protein is simply shaken over- 
night again with the proper amount of 
dried isocyanate. Since the protein solu- 
tion is already in approximately 1 gram 
percent concentration, no more saline is 
added. However, buffer is again added 
(10 percent of the original volume of 
the globulin). 

In our opinion, the main advantages 
to be obtained from the use of dried iso- 
cyanate in the manner described above 
are (i) that the isocyanate can be pre- 
pared centrally in either commercial or 
noncommercial laboratories and can then 
be sent out to smaller research or diag- 
nostic laboratories for actual use, and (ii) 
that an antiserum can be made to stain 
more intensely by relabeling, without 
danger of loss of protein content as a 
result of denaturation. 

Morris GoLDMAN 
R. K. Carver 
Communicable Disease Center, 
U.S. Public Health Service, 
Atlanta, Georgia 
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Mortality of Aquatic Insects and 
Fishes Caused by Use of Latex 
Tubing in Experimental Apparatus 


A commonly used brand of latex rub- 
ber tubing was employed in the con- 
struction of apparatus for experiments on 
the dissolved oxygen requirements of 
certain aquatic insects under varying con- 
ditions of flow. A unit of the apparatus 
consisted of a glass tube through which 
water was continually recirculated by 
means of a small centrifugal pump. 
About 10 ft of Y%-in. latex tubing pro- 
vided the connections between the tube, 
a 5-gal bottle in which the dissolved gas 
content of the water was adjusted, and 
the pump. The test animals were held in 
the tube in a capsule of stainless-steel 
screen. The total volume of water in use 
at any one time was about 20 lit. During 
any one experiment there was no ex- 
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Table 1. Mortality associated with latex tubing in standing water tests. 











Test Animal No. 

No. 
la A. pacifica 10 
1b A. pacifica 10 
2a A. californica 10 
2b A. californica 10 
3a L. reticulatus 10 
3b L. reticulatus 10 
4a O. tshawytscha 10 
4b O. tshawytscha 10 
5a O. tshawytscha 10 
5b O. tshawytscha 10 
A. californica 10 
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Test hy Animals dead in 
Cone Q¢hr 48hr 72hr 

Latex tubing 3 7 
(control) 0 0 
Latex tubing 5 6 
(control) 0 0 
Latex tubing 0 0 5 
(control) 0 0 0 
Latex tubing 10 
(control) 0 
Latex tubing 10 
(control) 0 
Plastic tubing 0 0 





change of the water. Test water tempera- 
tures were about 20°C. 

In numerous trials it proved to be im- 
possible, with the use of this apparatus, 
to keep more than a small percentage 
of the nymphs of Acroneuria pacifica and 
Acroneuria californica (Plecoptera) alive 
and in good condition, even under “con- 
trol” conditions, for periods of several 
days. Usually, within 24 hours, some 
mortality occurred, and all or most of 
the surviving nymphs were in sluggish 
condition. Generally, in 2 or 3 days, 
about half of the nymphs were dead or 
moribund. 

Subsequent testing of individual parts 
of the apparatus for harmful effects on 
the nymphs indicated that only the latex 
tubing could be responsible for the trou- 
ble. Confirmatory tests were conducted, 
in 1-gal glass jars, in which the two spe- 
cies of Acroneuria, fingerling king sal- 
mon (Oncorhynchus tshawytscha), and 
immature guppies (Lebistes reticulatus) 
were used. In these experiments a piece 
of latex tubing several feet long was 
coiled in the test jars filled with water. 
The animals were then introduced into 
the test water, which was kept well 
aerated and in continuous circulation by 
rising air bubbles. Appropriate controls 
were used, As Table 1 shows, no losses 
occurred among the control animals, but 
in all cases there was considerable mor- 
tality among the test animals, of all spe- 
cies, in the jars that contained the tub- 
ing. A piece of plastic tubing was used 
in a similar jar test. No deaths occurred, 
and the stonefly nymphs used appeared to 
be normally active after 3 days. 

When about 1500 ml of water per 
minute flowed continuously and without 
recirculation or reuse through 10 ft of 
the latex tubing and into a glass tube 
containing stonefly nymphs, no difficulty 
was experienced in keeping the animals 
alive and in good condition for several 
days. 

As a result of these experiments, the 
original apparatus was reconstructed and 
the plastic tubing, which had been found 
to be apparently harmless, was used; in 
the course of tests performed thereafter, 


with this apparatus, no unexpected mor- 
tality of stonefly nymphs occurred. 

Although widely used and apparently 
entirely suitable for most experimental 
purposes, latex rubber tubing evidently 
should be used with caution in experi- 
ments involving the recirculation of 
water in closed systems where there is 
no continuous exchange of water and 
where species of animals sensitive to the 
constituents of the tubing are utilized. 
Even though mortality might not result 
from such use of the tubing, the results 
of sensitive physiological tests might be 
markedly influenced. 

Joun W,. DeWitt 

Division of Natural Resources, 
Humboldt State College, 
Arcata, California. 
8 July 1957 


Synthesis of “On-Off” and 
“Off” Responses in a 
Visual-Neural System 


The most distinctive feature of the 
discharge of impulses in the vertebrate 
optic nerve in response to a light stimu- 
lus is the marked activity elicited by 
changes in the level of illumination. The 
early records of Adrian and Matthews 
from the whole optic nerve (J) demon- 
strate a strong burst of activity when the 
light is turned on, a continuing discharge 
at a lower rate as long as the light re- 
mains on, and, upon the cessation of 
light, a renewed burst which gradually 
subsides. 

Hartline (2) has shown that this com- 
posite response results from individual 
fibers whose activity differs markedly: 
some fibers discharge regularly as long as 
the light shines; others discharge only 
briefly when the light is turned on and 
again when it is turned off, with no ac- 
tivity during steady illumination; still 
others respond only when the light is 
turned off. These complex responses, ob- 
served in third-order neurones, have been 
ascribed by Hartline (2) and Granit (3) 
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to the excitatory and inhibitory interac- 
tions of retinal structures interposed be- 
tween these neurones and the photore- 
ceptors rather than to special properties 
of the photoreceptors themselves. 

The reasons for this interpretation are 
many. One reason derives from the na- 
ture of these “transient” responses. Hart- 
line (4) found that, in the eye of the 
frog, an “off” response elicited in a 
single fiber by illuminating one group of 
receptors may be suppressed by illumi- 
nating another group of receptors in the 
same receptive field, and Barlow (5) 
has obtained a similar suppression using 
stimuli outside the receptive field. Also, 
Kuffler (6) has shown that, in the cat, 
these diverse response “types” are labile 
and that, depending on the locus of illu- 
mination and the level of background 
illumination, a particular fiber may ex- 
hibit a variety of responses. Furthermore, 
the fibers arising directly from the om- 
matidia in the lateral eye of the inverte- 
brate, Limulus, do not exhibit the diver- 
sity of response found in the vertebrate 
nerve. Although “off” responses have 
been found in the Limulus optic gan- 
glion (Wilska and Hartline, 7), the typi- 
cal response of Limulus optic nerve fibers 
to stimuli of long duration is a sustained 
discharge while the light is on and an 
immediate cessation of impulses when 
the light is turned off (Fig. 1A). 

The relatively simple discharge pat- 
tern typically observed in fibers of the 
optic nerve of Limulus may be greatly 
modified by various means. First, a pro- 
nounced afterdischarge may be obtained 
by proper control of exposure time, in- 
tensity of the stimulus, and state of 
adaptation. Second, the frequency of the 
discharge of impulses may be decreased 
by illuminating neighboring ommatidia; 
this inhibition seems to be mediated by a 
plexus of lateral interconnections imme- 
diately behind the ommatidia (Hartline, 
Wagner and Ratliff, and Hartline and 
Ratliff, 8). 

By combining these various influences 
on the discharge of impulses, “on-off” 
and “off” responses have been “synthe- 
sized” in individual fibers of the Limulus 
optic nerve (9). Examples are shown in 
Fig. 1B. These responses possess the prop- 
erties of the analogous responses in the 
vertebrate eye. The “on-off” responses 
are characterized by a burst of activity 
when the light is turned on, no further 
activity as the light stays on, and a final 
burst of activity after the light is turned 
off. The pure “off” responses also have 
the properties of the vertebrate response: 
no discharge appears until after the light 
goes off, and the discharge may be in- 
hibited by reillumination. Both types of 
response have been obtained over a con- 
siderable range of stimulus durations. 

A very delicate balance of excitatory 
and inhibitory influences is required to 
obtain these “on-off” and “off” responses 
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Fig. 1. Oscillograms of diverse “types” of impulse discharge patterns in single fibers of 
Limulus optic nerve. A, Typical sustained discharge in response to steady illumination. 
B, Upper record; a synthetic “on-off” response (approximately 1 sec was cut from the 
middle of this record). Lower record; a synthetic “off” response. Time is marked in 1/5- 
sec periods. Signal of exposure of eye to light blackens the white line above the time 
marker. Fibers whose activity is shown in the two B records gave a sustained discharge 
like that shown in A when the ommatidia from which they arose were illuminated alone. 


in the optic nerve fibers of Limulus. The 
responses are not obtained under ordi- 
nary conditions of stimulation and have 
never been obtained when only one om- 
matidium is stimulated. From what we 
know of the properties of the inhibitory 
effect and of the temporal characteristics 
of the afterdischarge, we view the “on- 
off” response as occurring in the follow- 
ing manner: the onset of light stimulates 
several ommatidia, one of which gives 
rise to the fiber whose activity is being 
recorded. A few impulses are discharged 
in this fiber before the inhibitory influ- 
ences from the neighboring elements 
completely suppress its activity. This 
suppression continues until the light is 
turned off. If the duration of the stimu- 
lus and the relative states of adaptation 
of the various receptors are adjusted so 
as to enhance the afterdischarge of the 
inhibited fiber and to minimize the after- 
discharge of the neighboring elements, 
an “off” response is obtained. To obtain 
a pure “off” response the latency of ex- 
citation of the element whose activity is 
being recorded must be longer than the 
latency of the inhibition exerted upon it. 
This can be achieved by adjusting the 
angle of incidence of the light so that 
the element whose activity is being re- 
corded is stimulated less effectively than 
are the neighboring elements which in- 
hibit it. 

The consequences of these experiments 
are twofold. (i) They lend support to the 
view that “on-off” and “off” responses 
are the result of the complex interplay 


of excitatory and inhibitory influences by 
showing that the experimental manipu- 
lation of these influences can, indeed, 
yield such transient responses; and (ii) 
they show the feasibility of using the 
Limulus preparation in the further study 
of these transient responses. This prepa- 
ration offers distinct experimental ad- 
vantages over the vertebrate preparation 
because the excitation and inhibition of 
individual receptor units may be easily 
and independently controlled and meas- 
ured. 
Fioyp RaturF 

Conrap G. MuELLER* 
Rockefeller Institute for Medical 
Research, New York 
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Spectrophotometry in the 
Far Ultraviolet 


Although the use of the photomulti- 
plier as a detecting device has greatly 
increased the resolving power of the 
spectrophotometer, it has also magnified 
certain potential errors because of its 
sensitivity (1). Photomultiplier types 
vary in their response to light of different 
wavelengths. The R.C.A, 1P28 photo- 
multiplier, commonly used in commer- 
cial instruments, has a spectral response 
of between 2000 and 7000 A, with a 
maximum at 3500 A. Consequently, it 
“sees” all of the light which is not ab- 
sorbed by the chromophore—namely, (i) 
the stray light inherent in the mono- 
chromator (2) (the amount varies 
greatly with the design and condition of 
the instrument used and the nature of the 
light source); (ii) those extraneous or 
unwanted wavelengths that appear in the 
spectral band isolated, on either side of 
the central “monochromatic” wavelength 
measured (the amount varies with the 
width of the slit); (iii) any fluorescent 
light emitted by the chromophore; and 
(iv) the fluorescent light emitted by 
fused silica cells. 

Since Beer’s law is valid only when 
monochromatic light is used, spectropho- 
tometric measurements become increas- 
ingly subject to error with decreasing 
wavelengths for the following reasons, In 
the far ultraviolet, not only does the 
angle of dispersion of the prism of the 
monochromator increase rapidly but also 
the brilliance of the usual light source 
and the sensitivity of the photomultiplier 
decline simultaneously (manifestations 
caused largely by their fused silica en- 
velopes) with the result that the slit must 
be opened more rapidly than theory in- 
dicates to balance the photoelectric 
bridge circuit. Consequently, with de- 
creasing wavelengths, the ratio of stray 
light to monochromatic light increases 
rapidly, and the spectral band isolated is 
no longer effectively monochromatic. 

Attempts (3) have been made to cor- 
rect for stray light in this region by 
measuring the unabsorbed light emerging 
from concentrated solutions from which 
all the monochromatic light presumably 
had been selectively absorbed by the 
chromophore. Such corrections are them- 
selves subject not only to the errors which 
are inherent in measurements of optical 
density in concentrated solutions but also 
to those arising from the fact that the 
incident monochromatic light is never 
completely absorbed. 

The ideal solution to the problem 
would be the complete elimination of the 
stray light inherent in the monochroma- 
tor as well as that caused by excessively 
large slit widths. Since the far ultraviolet 
is a spectral region in which many bio- 
chemically important compounds show 
characteristic absorption, it seemed 
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worth while to develop a technique for 
the accurate study of this property. Such 
a technique might serve as a means of 
identifying these compounds, give infor- 
mation concerning their structure, and 
provide a tool for following the enzymic 
reactions in which they participate. 

The technical details of a spectropho- 
tometer for use between 195 and 230 mu 
have been described (4). The instrument 
was designed to minimize the above- 
mentioned sources of error. Stray light 
of wavelengths longer than 280 mu has 
been eliminated by the use of a “solar 
blind” photomultiplier (R.C.A. devel- 
opmental type C7180) whose photocath- 
ode has a high photoelectric work func- 
tion (5). Also, the slit width has been 
kept sufficiently small to give a satisfac- 
tory approximation of monochromatic 
light. This has been achieved by a proper 
balance between a brilliant light source 
(a Hanovia mercury-xenon arc, 250 w) 
and the photoelectric systems. The mono- 
chromator used was a Leiss single mono- 
chromator (6). Double monochromation 
in this system would serve only to reduce 
the optical efficiency of the instrument. 

For work in the far ultraviolet, espe- 
cially designed crystal quartz cells (7) 
were used for two reasons. First, the 
transmission of light in the far ultraviolet 
was demonstrated to be significantly 
greater with crystal quartz cells than with 
fused silica cells of the best available 
quality. With the solar blind photomul- 
tiplier and mercury-xenon arc, it was 
found that crystal quartz cells trans- 
mitted, at 195 mp, 22 percent more 
energy than did fused silica cells; at 210 
mp, 4 percent more; at 220 mp, 2 per- 
cent more; at 240 mp, 6 percent. more; 
and at 260 mp, 1 percent more. Second, 
all of the many fused silica cells tested, 
and other samples of highly purified 
silica as well, showed a characteristic 
fluorescence which was not found in 
crystal quartz cells. The increased ab- 
sorption observed at 240 mw is caused 
by the excitation of fluorescence in 
silica, the maximum point of excitation 
being found at 244 my. The emission 
of this energy is said to be in the vio- 
let (8). This fluorescence will intro- 
duce an error inta absorption spectra 
taken in fused silica cells when a photo- 
multiplier employing either an S-5 or an 
S-13 surface is used. 

Conformity with Beer’s law was dem- 
onstrated when the optical densities of 
solutions of adenylic acid, observed at 
210 mp, were plotted as a function of 
concentration. Many absorption spectra 
of biochemically important compounds, 
including the nucleotides and the aro- 
matic amino acids, have been taken; some 
reveal fine structure previously unob- 
served in this region (9). It is anticipated 
that the photoelectric technique described 
will eliminate the difficulties currently 
being found in following the course of en- 


zymic reactions by observing difference 
spectra in the far ultraviolet in solutions 
of high optical density (10). 
Mary V. BuELL 
Raymonp E. HANnsEN 
Department of Biochemistry, 
University of Chicago, Chicago, Illinois 
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Cultivation of Adult Mouse 
Mammary Gland in Hormone- 
Enriched Synthetic Medium 


As a part of our laboratory research 
program that is concerned with the fac- 
tors responsible for the induction, main- 
tenance, and neoplastic transformation 
of hyperplastic nodules in the mammary 
gland of mice of the C3H/He CRGL 
strain, we have been attempting the cul- 
tivation in vitro of tissues from various 
growth stages of the adult gland, normal 
and abnormal. Adult mouse mammary 
epithelium generally has been difficult to ° 
grow in vitro (1); however, Lasfargues 
(2) has recently obtained successful 
growth in tissue culture. Moreover, 
Hardy (3) observed some mammary duct 
growth but no alveolar development in 
organ cultures of ventral body wall from 
embryonic mice. This report describes the 
successful maintenance in vitro of adult 
mammary gland in synthetic medium 
with added purified hormones. 

The Chen adaptation (4) to liquid 
medium of the organ culture method of 
Fell (5) was employed, and the syn- 
thetic culture medium “199” (6) was 
used. The cultures were incubated at 
37°C, generally for 5 days, with the pH 
of the medium remaining at about 8.4. 
The hormones used were estrone, pro- 
gesterone, cortisol, growth hormone, and 
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mammotropic hormone. The crystalline 
steroid hormones were dissolved in 100- 
percent ethanol, and a quantity of this 
solution was added to medium 199 to 
give the desired hormone concentration 
in the final medium and a 0.5-percent 
ethanol concentration. The same amount 
of ethanol was added to all other cultures. 
Progesterone and cortisol remained solu- 
ble in medium 199, whereas the concen- 
trations given for estrone represent the 
amount in solution plus that in fine sus- 
pension. The purified protein hormones 
were added directly to medium 199 and 
sterilized by passage through a bacterial 
filter. A certain amount of the proteins 
did not completely dissolve and did not 
pass through the filter; thus, the actual 
concentrations were less than _ those 
given. 

Mice of the C3H/He CRGL strain, at 
about the 14th day of pregnancy, pro- 
vided prelactating mammary tissue with 
advanced lobuloalveolar development 
and marked secretory activity. The secre- 
tion in the alveolar lumina is often vacu- 
olated, and the cells generally contain 
large lipid vacuoles. Tissue samples, usu- 
ally slightly less than 1 mm in diameter, 
were taken from a single area of one 
gland and distributed among the various 
culture media. A sample from the same 
area was fixed and sectioned to deter- 
mine the initial histologic state of the 
gland. At the end of the culture period, 
the explants were fixed in Bouin’s fluid, 
serially sectioned, and stained with a 
modified Masson’s stain. 

In the medium-199 control cultures 
(Fig. 1A), the alveoli and small termi- 
nal ducts showed extensive degeneration, 
and the parenchymal cells were mainly 
dead or dying. In contrast, the larger 
ducts retained their organization and 
consisted of viable cells. 

The 199 medium was enriched with a 
combination of estrone, progesterone, 
cortisol, growth hormone, and mammo- 
tropic hormone (effective in vivo) (see 
7) in two concentrations. In the “high” 
concentration, containing 0.2, 2.0, 8.0, 
140, and 140 pg/ml, respectively, of the 
hormones, the explants retained their 
original appearance in all respects (Fig. 
1B), including prominent secretory ac- 
tivity, and in several cases appeared to 
be stimulated beyond their original state. 
During the culture period, some alveoli 
became white and opaque, owing to the 
accumulation of secretory products. After 
the standard 5-day culture period, some 
explants were transferred to fresh “high” 
medium for another 5 days. In general, 
they maintained their active secretory 
condition, with only slight evidence of 
degeneration. In the “low” concentration, 
wherein the amounts of hormones were 
0.02, 2.0, 2.0, 20, and 20 ug/ml, respec- 
tively, the alveoli and terminal ducts also 
maintained their organization. However, 
the epithelial cells, although viable, were 
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Fig. 1. (A) Section of explant from prelactating mammary gland after 5 days in control 
199 medium, showing degenerate alveoli and terminal duct (td). (B) Explant from same 
gland in medium containing estrone, progesterone, cortisol, growth hormone, and mam- 
motropic hormone in “high” concentration. Note active secretory appearance. 


not actively secretory. The adipose and 
fibrous connective tissues associated with 
the glandular parenchyma did not ap- 
pear to respond to the addition of hor- 
mones and survived equally well in the 
presence and in the absence of the sev- 
eral hormonal combinations. 
Experiments were then conducted to 
determine which of the five hormones 
used were essential for maintenance. The 
concentration of each hormone was the 
same as in the original “high” combina- 
tion. Using media enriched with estrone 
and progesterone and with cortisol, 
growth hormone, and mammotropic hor- 
mone, it was found that all the activity 
was in the latter group. Each hormone 
of this group was then used individually. 
The results showed that neither cortisol 
nor growth hormone nor mammotropic 
hormone alone maintained the tissue. In 
the final experiment, cortisol and growth 
hormone, cortisol and mammotropic hor- 
mone, and growth hormone and mam- 
motropic hormone media were tested. 
Of these, only the cortisol and mammo- 
tropic hormone combination was effec- 
tive and showed full activity. 
Hyperplastic alveolar nodules charac- 
teristic of the mammary gland of 
C3H/He CRGL mice were also cul- 
tured. These nodules are similar to pre- 
lactating lobules in organization and 
histologic appearance (8) and are con- 
sidered to be precancerous lesions (9). 
Their reactions in all culture media em- 
ployed were essentially similar to those 
of normal prelactating tissue; however, 
they seemed to be more responsive to the 
effective hormones. With explants from 
normal inactive gland, in which alveoli 
are relatively infrequent and are not or- 
ganized into lobules, no successful cul- 


tures have been obtained to date. Only 
the larger ducts were maintained. 

These initial results indicate that al- 
veoli and terminal ducts are dependent 
on certain hormones for survival in vitro, 
whereas larger ducts survive in the ab- 
sence of hormones. This is in accord 
with the fact that in hypophysectomized- 
adrenalectomized-ovariectomized female 
mice of the C3H/He CRGL strain, the 
alveoli degenerate, whereas the larger 
ducts remain (10). In our experiments, 
the hormone environment of the ex- 
planted- tissue was almost wholly de- 
fined; the only questions concern the 
purity of the hormones used and the 
substances in the explants themselves. 
With these limitations in mind, it may 
be said that the hormonal combination 
of cortisol and mammotropin, acting di- 
rectly on the explants, maintains and 
stimulates the secretory activity of pre- 
lactating and hyperplastic mammary lo- 
bules. Other steroids and proteins may 
be capable of producing these effects; 
experiments to test the specificity of the 
phenomena observed and to analyze 
further the hormonal control of mam- 
mary growth and function in vitro are 
now in progress (//). 

Joet J. Exias 
Department of Zoology and Cancer 
Research Genetics Laboratory, 
University of California, Berkeley 
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Controlling Growth of Test 
Bacteria for Antibiotic Assays 
through Anaerobiosis 


Sarcina lutea and Micrococcus pyo- 
genes are standard Food and Drug Ad- 
ministration test organisms used in assay 
methods for antibiotics, including peni- 
cillin, aureomycin, and chloromycetin. 
Both bacterial species, if not obligate 
aerobes, display strong aerobic charac- 
teristics. 

The inability of these antibiotic-sensi- 
tive bacteria to grow well in an oxygen- 
deficient environment prompted a study 
of the effects of strict anaerubiosis on (i) 
growth retardation when strains of these 
bacteria were imbedded in thin layers of 
agar, (ii) survival, under this condition, 
during storage at warm temperatures, 
and (iii) retention of sensitivity to anti- 
biotics following resumption of growth. 

Anaerobiosis was induced either by re- 
moval of air from the environment 
through high vacuum or by saturating 
the environment with nitrogen. Three 


milliliters of meited, sterile nutrient 
agar, seeded with a test organism, were 
layered into a disposable, plastic petri 
dish (60 mm in diameter). After solidi- 
fication of the agar, the seeded plate was 
inserted into an aluminum-polyethylene 
pouch with low oxygen-transmission 
characteristics (1). Evacuation of the 
pouch to 29.0 in. (76 cm) of vacuum and 
automatic heat-sealing of the open lip 
was carried out with a high-speed, Flex- 
Vac controlled-atmospheric packaging 
machine (2). Other pouches were evacu- 
ated similarly and then gassed with ni- 
trogen and sealed by heat. All sealed 
pouches (Fig. 1) were held 1 day at ap- 
proximately 20°C during transit to the 
analytical laboratory, and then were 
stored at 34°C for a period of days. At 
specific intervals, 1, 3 and 13 days, 
some pouches were removed for exami- 
nation of bacterial survival and of sensi- 
tivity to antibiotics. 

The pouches were torn open to permit 
re-entry of oxygen. Then paper disks 
saturated with standard penicillin solu- 
tions of various concentrations were ap- 
plied to the seeded nutrient agar sur- 
faces; the plates were then incubated at 
33°C for 6 hours or more to develop zon- 
ing. 

The results are partly presented in 
Table 1. Strict anaerobiosis induced by 
automatic vacuum packing of aluminum- 
polyethylene pouches completely pre- 
vented growth of these bacteria at expo- 
sure temperatures of 20°C and 34°C. 
Sarcina lutea and Micrococcus pyogenes 
(3), under these conditions, survived for 
at least 12 days at 34°C, and removal of 
anaerobiosis by tearing open the pouch 
reinitiated growth in the agar with unim- 
paired sensitivity to penicillin. Generally, 
however, growth of bacteria after they 
had been kept dormant in the warm, air- 
less environment was not as dense or as 
rapid as in the case of those grown on 





Table 1. Effect of anaerobiosis on growth of antibiotic-sensitive bacteria and on their 
retention of sensitivity to penicillin. Control plates were seeded and kept under atmos- 
pheric conditions for 13 days at 5°C. Vacuum plates were seeded and kept under vacuum 
for 1 day at 20°C and then 12 days at 34°C. Nitrogen plates were seeded and kept under 
a nitrogen atmosphere for 1 day at 20°C and then 12 days at 34°C. Measurements of 
zone diameter and observations of growth were made after 6 to 10 hours’ incubation 
at 33°C. 


Control plates 





Vacuum plates Nitrogen plates 


Penicillin 
paces il Zone Zone Zone 
unit/m! diameter Growth} diameter Growth} diameter Growth} 
of fluid) 
cm) (cm) (cm) 
Sarcina lutea 
0.25 2.1 Excellent 2.2 Good 2:5 Good 
0.50 2.4 Excellent 2.4 Good 2.6 Good 
Micrococcus pyogenes 
0.25 2.2 Excellent 2.3 Fair 2.4 Fair 
0.50 2.5 Excellent 2.5 Fair 25 Fair 


* Applied on agar with 1,3 cm. disk. 
+ No initial growth was apparent when the sealed container was opened, whether the plates were control 
plates or vacuum or nitrogen packed after storage for 13 days at respective temperatures. 
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Fig. 1. Aluminum-polyethylene pouch 
with seeded agar plate under 29-in. (76 
cm) vacuum. The concavity of plate is an 
indicator of vacuum level. 


control plates (4), but with only a few 
exceptions, this did not seriously impair 
disk assay analysis. A few plates, three 
in this lot of 53 that were tested, failed 
to show growth after incubation for 
reasons not readily apparent. 

The application of nitrogen to induce 
anaerobiosis produced. results compar- 
able to those obtained with high vacuum. 
Growth of bacteria held under nitrogen 
pack after 12 days’ storage at 34°C was 
not as dense and rapid as that on control 
plates (4) that had been kept in cold 
storage under atmospheric conditions, but 
no significant loss of sensitivity against 
penicillin was observed, Carbon dioxide 
has not yet been tested, but in a well 
buffered medium, it conceivably would 
act in the same manner as nitrogen. 

It is interesting that Sarcina lutea and 
Micrococcus pyogenes in most, but not 
all, instances survived and also retained 
sensitivity to penicillin when exposed in 
the absence of oxygen to long and ex- 
tremely warm-temperature storage. More 
research in this area may show an appli- 
cation for these results. If growth control 
can be standardized with anaerobiosis by 
using an inexpensive, lightweight, gas- 
impervious package, a simple field test 
for the detection of antibiotics in milk 
and other biological materials might pos- 
sibly ensue. An urgent need exists for a 
simple field test that would indicate ef- 
fectively when milk has become adulter- 
ated with antibiotics at the farm. Such 
adulteration occurs after therapy of mas- 
titis-afflicted dairy cattle with antibiotic 
infusions of the udder (5). 

Perhaps, with proper selection of test 
organisms, a pocket disk or cup assay test 
for on-the-spot screening of antibiotics 
from natural sources might be designed. 
Furthermore, continued study with high- 
speed, vacuum and gas packaging of bac- 
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terial plates may result in an easier and 
more effective means of growing and 
counting anaerobes in the laboratory than 
is employed presently. 

Frank V. Kosikowski 
Department of Dairy Industry, 
Cornell University, Ithaca, New York 
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Growth Chamber with Light of 
Solar Intensity 


Conventional plant growth chambers 
utilize primarily fluorescent lamps, which 
produce a maximum illumination of only 
2000 to 2500 ft-ca (1). No descriptions 
have been found of chambers in which 
the intensities are comparable to those 
of full sunlight. Summer sunlight intensi- 
ties in the United States at noon on rela- 
tively clear days range from around 9000 
to 14,000 ft-ca, depending upon the exact 
time of year, altitude, latitude, and sky 
conditions. Therefore, experimental stud- 
ies with plants having these high light 
requirements cannot be carried out in 
conventional chambers. This would in- 
clude plants whose natural occurrence is 
restricted to open areas receiving full sun- 
light. 

The performance of the chamber de- 
scribed in this report (Fig. 1) has been 
satisfactory, not only in its mechanically 
successful operation since November 
1956, but also in that several herbaceous 
species requiring full sun for normal de- 
velopment have been grown from seed- 
ling to maturity without evidence of 
shade effects. 

This chamber is a modification of an 
existing one, in which all parts except 
those required for illumination were 
present. It is 1.4 m wide, 1 m deep, and 
1.1 m high. After a survey of commer- 
cially available lamps had been made, a 
battery of 36 G-E R-40 300-w reflector 
spots was chosen. The lamps were in- 
stalled in porcelain bases having ball- 
and-socket joints (2), which were in turn 
clamped to a frame forming a square 
grid with 15-cm centers. Thus the bulbs 
were only 2.5 cm apart. Heat-resistant as- 
bestos wiring was used throughout. 

These lamps have an emissivity of 3500 
total lumens and a nominal beam spread 
of 30 deg. The 10-deg center cone varies 
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from 13,500 to 14,500 candlepower, with 
a drop to 6000 at the 20-deg circumfer- 


‘ence, and 2000 at the 30-deg circumfer- 


ence. Total lumens for a 10-deg cone are 
330; for a 20-deg cone, 970; and a 30-deg 
cone, 1450. The approximate average 
initial intensity at 1.5 m is 560 ft-ca over 
a circle 23 cm in diameter, 440 ft-ca over 
a circle 45 cm in diameter, and 276 ft-ca 
over a circle 76 cm in diameter (3). The 
accumulated foot-candles from the over- 
lapping intensity patterns of each of the 
36 lamps varies from about 12,000 in the 
center of the grid to 8500 in the outer 
portion. Although intensities increase as 
the distance is reduced, the inverse 
square law does not hold because of the 
multiple light sources and the cone- 
shaped intensity pattern of each source. 
These calculated intensities have been 
verified by direct measurement. By 
slightly angling the lamps, the grid area 
at 1.3 m (on the floor of the chamber) 
can be made to receive almost uniform 
illumination. 

The only other suitable sources located 
were mercury-type lamps such as the 
G-E B-H6 1000-w lamp of 65,000 lu, 
which is used in search-lights, and the 
G-E A-H9 3000-w lamp of 120,000 lu, 
which is used for high bay lighting. For 
some installations these lamps may be 
preferable to incandescent lamps. Draw- 
backs include the absence of built-in re- 
flectors, the elaborate cooling system 
needed by the former and the size of the 
ballast for the latter. Uniform illumina- 
tion would be difficult to achieve, and 
several lamps would be required for a 
chamber of the size described here. None 
of the street-lighting lamps investigated 
were satisfactory. Despite a range in size 
from 1000 to 25,000 lu these lamps were 
not small enough to permit the close 
spacing required to build up high inten- 
sities. 

Approximately 70 percent of the 
energy used by a 300-w incandescent 
lamp is dissipated as heat energy. A 
water filter consisting of a box with 6-in. 
metal sides and a glass bottom was de- 
signed to remove most of this heat. 
Water inflow is through a perforated pipe 
across one side, and the outflow is 
through a series of holes drilled on the 
opposite side. Water depth is controlled 
by vertical spacing of the outlet holes. 

In the range of wavelengths from 0.6 
to 3.0 uw, the amount of radiation ab- 
sorbed from sunlight by a layer of water 
1 cm thick is 26.97 percent, while only 
0.01 percent in the range from 0.2 to 0.6 
u is absorbed. For a layer 10 cm thick, 
45 percent of the radiation froin 0.6 to 
3.0 w is absorbed, while for a 100-cm 
layer, the amount of absorption is in- 
creased to only 63.34 percent. However, 
the 0.08-percent radiation absorbed in 
the range from 0.2 to 0.6 u by a 10-cm 
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Fig. 1. Cross-sectional diagram of growth 
chamber 1.4 m wide, 1 m deep, and 1.1 
m high. 


layer is increased to 7.5 percent for a 
100-cm layer (4). When a 10-cm layer 
is used in this chamber, heat radiation is 
reduced to a level comparable to that 
received from the sun. At 1.3 m from 
the source, radiation received is 1.1 g 
cal/cm? min, whereas at 0.9 m it is in- 
creased to 1.65 g cal/cm? min. 

The floor is composed of a %4-in. sheet 
of tempered plate glass (5) which has 
four times the resistance to thermo shock 
and three to five times the resistance to 
impact shock of ordinary plate glass. This 
glass permits 90 to 93 percent transmis- 
sion in the visible spectrum, with a cut 
off between 0.31 and 0.36 w and a slow 
fall beyond 1 yp. 

A Foxboro dewpoint temperature and 
humidity recording and controlling sys- 
tem is used, in connection with a 750-w 
heater and a | hp refrigeration unit, each 
operated with a fan for forced circula- 
tion. Moisture is supplied by an atomizer 
utilizing compressed air at a pressure of 
30 lb/in.2 For most uses humidity con- 
trol may not be necessary because of 
transevaporation, which occurs naturally 
within the chamber. A more satisfactory 
system, especially for low or high tem- 
peratures and humidities, would employ 
recirculating air, with the heating and 
cooling units located outside the box (6). 
It should be emphasized that Fig. 1 is 
diagrammatic and is thus suggestive of 
a variety of modifications. 

Rosert B. PLatt 
Department of Biology, Emory 
University, Emory University, Georgia 
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Book Reviews 


The Detection and Measurement of In- 
fra-Red Radiation. R. A. Smith, F. E. 
Jones, R. P. Chasmar. Clarendon 
Press, Oxford, 1957 (order from Ox- 
ford University Press, New York). xiii 
+448 pp. Illus. + plates. $11.20. 


A recent British publication, The De- 
tection and Measurement of Infra-red 
Radiation, has helped to fill a gap in our 
scientific literature. The authors are R. 
A. Smith, F. E. Jones and R. P. Chas- 
mar. The book is one of a series of mono- 
graphs on the physics and chemistry of 
materials published by the Clarendon 
Press at Oxford. 

The book starts in a natural manner 
with a description of the infrared spec- 
trum, a historical background, a survey 
of detection methods, and a review of 
the uses of infrared radiation. In the 
second chapter, various radiation laws 
are derived. At this point the authors in- 
troduce a certain amount of mathemati- 
cal rigor. However, at no time is the book 
unduly theoretical. The physical ap- 
proach has guided the authors, and a 
fairly succinct picture is given. 

There is a chapter devoted to thermal 
detectors, in which the elementary 
mathematical theory underlying the 
thermocouple, bolometer, and pneumatic 
cell is given, Various instruments are 
also described, but perhaps not in the 
detail some might desire. 

Considerable space is given to photo- 
detectors. Those seeking a clear descrip- 
tion of the photoconductive process will 
find it in this chapter. Thallium sulfide, 
lead sulfide, lead telluride, and lead sele- 
nide cells are discussed. Some of the 
more interesting new cells are omitted. 
Possibly the English suffer from classifi- 
cation restrictions, too. 

Three chapters are devoted to funda- 
mental limitations in detection. These, 
combined with the chapter on radiation 
laws, contain the real essence of the 
book. Various noise sources are described 
and related to fundamental phenomena. 
Brownian movement, Johnson noise, shot 
noise, current noise, flicker noise, other 
electrical noise, thermal fluctuations, 
radiation fluctuations, and minimum de- 
tectable power form the sections of the 
first of these chapters. The second deals 
with fluctuations in amplifiers and indi- 
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cating instruments. This chapter will ap- 
peal to the electrical engineer interested 
in noise reduction. The third of these im- 
portant chapters deals with the ultimate 
sensitivity of infrared detectors. ‘TThermo- 
couples, bolometers, pneumatic detec- 
tors, and photoelectric and photoconduc- 
tors are treated. 

Chapters are devoted to radiant 
sources, optical materials, and optical 
components. A good deal of reference 
data is to be found in these sections. Un- 
doubtedly, these sections broaden the ap- 
peal of the book. However, it is my opin- 
ion that, since this material cannot be 
fully covered in such a book, it might 
better be left to a strictly reference 
source. 

Separate chapters are also used to de- 
scribe infrared spectrometers and ampli- 
fiers used with infrared detectors. The 
last chapter deals with atmospheric 
transmission. This chapter is very incon- 
clusive, unfortunately; and does not in- 
clude the recent data obtained in this 
country. 

The book is excellently referenced, 
reads exceptionally well, and maintains 
mathematical rigor without losing the 
physical description. 

Generally, the book is excellent and 
constitutes a long-needed reference on 
the subject. Perhaps it will put an end to 
the trivial reports now glutting the field, 
which are put out by engineering groups 
as they “discover” infrared. 

D. J. Lovett 


Greenwich, Connecticut 


Traité de Microscopie. Instruments and 
techniques. A. Policard, M. Bessis, and 
M. Locquin. Masson, Paris, 1957. vi+ 
608 pp. Illus. F. 5200. 


The first third of Traité de Microscopie 
discusses the structure and use of micro- 
scopes, with preference given to French 
and European instruments, although 
others are not excluded. Optics and aber- 
rations are briefly treated, and light 
sources are rated in order of intensity, 
but without quantitative data. Micros- 
copists are advised to clean their instru- 
ments daily, check them weekly, and 
have them overhauled once a year. May 


these instructions be followed! Advice is 
offered for the protection of microscopes 
against dust in dry, and fungus attacks in 
damp, hot climates. 

Brightfield, darkfield, phase, Wild 
Varicolor phase, Nomarski’s interference, 
infrared, ultraviolet, television, flying 
spot, particle sizing, polarization, and 
metallographic microscopes are de- 
scribed in varying detail, and measure- 
ment techniques and their associated 
errors are well covered. 

“Recording” includes the camera lu- 
cida, photomacrography, photomicrogra- 
phy, microscopes with built-in cameras, 
special methods (such as bas-relief from 
solarization), and tilting mechanisms for 
stereo pictures. The use of dry and liquid 
filters is treated in detail. Emulsions, in- 
cluding color, and processing receive 
slight consideration. Electron, x-ray, pro- 
ton, and ion microscopes, reconstruction 
microscopy by holographs, and a one- 
and-one-half-page bibliography complete 
this section. 

The remaining two-thirds of the book 
covers methods. Preparation methods for 
fresh material are largely concerned with 
cells and fragments of blood. Phase mi- 
croscopy and intravital staining are dis- 
cussed. Of six references, five are on 
blood. The next ten pages are on disso- 
ciation, digestion, and mechanical sepa- 
ration of cellular constituents (four ref- 
erences). Fixation is then covered in 19 
pages, with 18 references. Freeze-drying 
is discussed, Very little of the extensive 
work with the phase microscope on the 
effects of fixing fluids is mentioned. 

“Microtomy” includes the paraffin and 
celloidin methods, the gelatin method, 
various kinds of microtomes, knife sharp- 
ening, sectioning, and frozen sectioning, 
and the chapter ends with a table of dif- 
ficulties and ways to avoid them. Knife 
sharpness is discussed later under elec- 
tron microscopy. 

The standard staining methods are 
allotted 33 pages, with three of 22 ref- 
erences more recent than 1945, Metallic 
impregnation, mounting methods, and 
smear examination methods follow. 

General histochemical methods and 
methods for proteins, nucleic acids, lip- 
ids, glucides, inorganic elements, en- 
zymes, and pigments are covered in 88 
pages; then special techniques are given 
for decalcification, depigmentation, mi- 
croincineration, polarization microscopy, 
fluorescence microscopy, micromanipu- 
lation, autoradiography, ultracentrifuga- 
tion, microelectrophoresis, electron mi- 
croscopy, counting, and tissue collection 
and biopsy. A table of refractive indices, 
an 18-page vocabulary of French to Ger- 
man to English words, an index, and a 
table of contents complete the book. 

In comparison with Langeron’s Précis 
de Microscopie, this book seems less com- 
plete and is more difficult to use. Writ- 
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ing the material in two sections makes 
the treatment spotty. One finds the de- 
scription of the microscopes in one place 
and their use in othersparts of the book; 
filters are discussed in several places; ob- 
jectives are discussed under microscope 
optics and defined under photomicrogra- 
phy, and so on. 

The vocabulary could be improved by 
omitting the words which vary only 
slightly in spelling and including words 
like manche a balai (“joy stick”—that is, 
micromanipulator control) whose mean- 
ing is not obvious from the words them- 
selves. Some of the preparation is a bit 
careless: Kristall is given as the English 
for cristal, some references include only 
month and year, a book reference lists 
the third author as the first, the origin 
of Fig. 4 is not acknowledged, and so on. 

There is much valuable material in 
this book, which presents French micros- 
copy as it is viewed by three experts. 

Oscar W. RicHARDS 
American Optical Company 


Corrosion and Wear Handbook for 
Water Cooled Reactors. TID 7006. 
D. J. DePaul, Ed. U.S. Atomic Energy 
Commission, 1957 (order from Gov- 
ernment Printing Office, Washington, 
D.C.). 293 pp. $2.25, paper. 


Corrosion and Wear Handbook for 
Water Cooled Reactors is the sixth report 
in an unclassified series on reactor tech- 
nology sponsored by the Naval Reactors 
Branch of the Atomic Energy Commis- 
sion. 

The handbook supplies theoretical 
background as well as experimental data 
on corrosion and wear of materials in 
water-cooled nuclear reactors. These data 
were provided by both governmental 
and private organizations which were 
prime- or subcontractors for the Nautilus 
Submarine Reactor and the Shippingport 
Pressurized Water Reactor projects. 

The book is organized in three parts. 
Part A (four chapters) states the prob- 
lems of using high-purity, high-tempera- 
ture water as a reactor coolant. This part 
generally discusses nuclear reactors for 
power plants, choosing reactor materials, 
fundamental facts of corrosion and wear, 
and water technology. Part B (four 
chapters) gives basic reference data for 
use in design work. Corrosion and wear 
properties of various materials and com- 
binations of materials under specified 
conditions are listed, as are the effects of 
variable factors on corrosion and wear 
and on recommended testing procedures. 
Part C (six chapters) deals with such 
special problems as crevice, stress, and 
intergranular corrosion, and with appli- 
cation and manufacturing problems in- 
volving wear. 
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Dictionary of Microbiology. Morris B. 
Jacobs, Maurice J. Gerstein, William 
G. Walter. Van Nostrand, Princeton, 
N.J., 1957. 276 pp. $6.75. 


The authors have been liberal in mark- 
ing out the scope of this dictionary, the 
first in its field. It “defines the terms 
commonly used in microbiology and the 
related fields of bacteriology, mycology, 
virology, cytology, immunology and im- 
munochemistry, serology and micros- 
copy.” The fence erected to define these 
areas proved to be permeable to many 
of the protozoa of medical importance, 
but most of the helminths were effectively 
excluded. There are an estimated 4700 
entries, consisting mainly of brief defini- 
tions or descriptions, arranged in a pleas- 
ing double-column format with key 
words in bold-face type. An occasional 
helpful chart or diagram is included. 
Cross references appear to be ample. 

There may be a need for an alphabeti- 
cally arranged reference book in micro- 
biology, but opinions will differ concern- 
ing the form it should take. Entries as 
brief as most of those in the present vol- 
ume will certainly restrict its usefulness. 
Perhaps this degree of brevity was felt to 
be necessary in order to produce a book 
of moderate size. Nevertheless, space 
could have been saved by other means, 
such as the omission of numerous terms 
that are defined as well and more com- 
pletely in an ordinary desk dictionary 
and the avoidance of unnecessary repeti- 
tion in the description of the several 
species of one bacterial genus. The striv- 
ing for brevity, with the breadth of scope 
indicated above, may have contributed to 
inadequate coverage (for example, my- 
eloblast and myelocyte are included; 
lymphoblast and erythroblast are ex- 
cluded) as well as to unfortunate am- 
biguities and outright errors of fact. Ex- 
amples will be found in the definitions 
of fluctuation test, macrophage, and vac- 
cination, bacterial. 

A better effort than that represented 
by this book will have to be made before 
the question of the usefulness of a dic- 
tionary of microbiology can be ade- 
quately answered by practical test. 

Francis B. Gorpon 
Naval Medical Research Institute 


The Modern Researcher. Jacques Bar- 
zun and Henry F. Graff. Harcourt, 
Brace, New York, 1957. xiii +386 pp. 
$6. 


This useful handbook for anyone who 
has to put his thoughts in writing, from 
a college freshman to a foundation presi- 
dent, is offered in the twofold conviction 
that poor expression is nothing more than 
poor thinking and that there is no sub- 


stitute for hard work. All is explained— 
how to use a library, how to take notes 
from the books found there, how to com- 
pose a periodic sentence, how to give a 
paper a beginning and a middle and an 
end, how to correct galley proofs. In ad- 
dition, considerable space is devoted to a 
discussion of history, its methods of re- 
search, its logic, and its laws (if such 
there are). This discussion represents, 
at least in part, good popularizing, but it 
is never made clear just why it is in- 
cluded in the book, unless the reason is 
that the two authors are both also pro- 
fessional historians.—J. T. 


A History of Luminescence from the 
Earliest Times until 1900. vol. 44 of 
Memoirs of the American Philo- 
sophical Society. E. Newton Har- 
vey. American Philosophical Society, 
Philadelphia, Pa., 1957. xiii+ 692 pp. 
Plates. $6. 


When an electron in a molecule or 
atom is raised to a high-energy level and 
then drops back again, radiant energy is 
emitted. In some cases the emitted rays 
are visible to the human eye. When heat 
furnishes the energy for excitation, as in 
the sun, a candle, or tungsten filament, 
low-efficiency incandescence is observed. 
When the excitation energy is supplied 
from other sources, such as a chemical 
reaction, luminescence or “cold light” is 
observed. Examples of luminescence are 
numerous. There is electroluminescence, 
resulting from a flow of current (fluores- 
cent lights, aurora borealis, ignis lambens, 
and St. Elmo’s fire). Phosphorescence is 
the lasting luminescence which results 
from the exposure of a substance to ir- 
radiation. When the light emission is of 
very short duration (10-® sec) it is known 
as fluorescence. Thermoluminescence is 
the emission of light on slightly heating 
a substance to liberate excited electrons 
from a trapped state. Triboluminescence 
and piezoluminescence are light emis- 
sions that result from rubbing and press- 
ing a material, respectively. 

There are many other examples of 
luminescence, including light emission by 
organisms (bioluminescence), and the 
purpose of the present book “is to trace 
the discovery and the ideas regarding 
these lights without heat from the earli- 
est times until the end of the 19th cen- 
tury.” The book is divided into three 
parts. In the first part a general survey 
of our knowledge of luminescence is 
given, while parts 2 and 3 deal with spe- 
cial types of luminescence associated 
with the nonliving and the living world, 
respectively. 

For students of luminescence, physical 
or biological, this book is required read- 
ing. To others, it will be the fascinating 
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story of historical reports on the glowing 
of cats’ eyes, the light of the warrior’s 
eyes during battle, Aristotle’s observa- 
tions on light which appears when the 
eyeball is pressed, and so forth.The first 
recorded explanations of the phospho- 
rescence of the sea, wood, and flesh are 
ingenious and fantastic when compared 
with contemporary beliefs, It is surpris- 
ing how frequently luminescence stimu- 
lated the great men of all branches of 
science, and, as Newton Harvey points 
out, the “history of luminescence is a 
guide to the history of science in gen- 
eral,” It might also be said that men of 
literature were influenced by lumines- 
cence: for example, Dante, in the Jn- 
ferno (‘Fire-flies innum’rous spangling 
o’er the vale”) or Shakespeare, in Peri- 
cles (1609) (“Like a glow-worm in the 
night the which hath fire in darkness, 
none in light.”) 

Harvey, who has spent more than 40 
years in the study of luminescence, has 
provided us with a very readable and 
detailed history of a subject which is 
fast becoming the universal method of 
illumination and communication. 

W. D. McExroy 
Johns Hopkins University 


Concepts of Force. A Study in the Foun- 
dations of Dynamics. Max Jammer. 
Harvard University Press, Cambridge, 
Mass., 1957. viii + 269 pp. $5.50. 


Physical theories operate with concepts 
which, though free creations of the 
human mind in their strict logical char- 
acter, are usually found to have their 
roots in human experience extending 
over long periods of time. Hence, critical 
examination of them is a peculiar com- 
bination of historical and methodological 
research. This is particularly true of the 
concepts of mechanics, the oldest of phys- 
ical theories. The attitude of scientists 
toward these has undergone great 
changes from the days of Greek science 
to our own. It is the purpose of the au- 
thor of Concepts of Force to trace the 
development of the idea of force from 
its meaning in ancient physics to that in 
20th-century science. 

The story is a long and complicated 
one, demanding great skill on the part of 
the writer in the choice of the relevant 
elements in an enormous body of more 
or less obscure material. He has to search 
for the origin of the idea in the groping 
attempts of our ancestors to give an ex- 
planation for motion in general, based 
on the analogy with human exertion and 
activity represented in such terms as 
effort, force, power, work. He must then 
proceed to note how these ideas were re- 
fined by abstract thinkers, given quanti- 
tative status, and made useful for the 
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solution of practical problems. Finally 
he has to show how, in the process of 
refinement, the concept of force reaches 
the stage where it can be eliminated from 
the logical structure of the theory with- 
out hampering the deductions of the lat- 
ter and becomes a mere heuristic device 
whose precise philosophical meaning no 
longer has significance. 

The author has obviously studied the 
literature with great thoroughness. His- 
torians will approve his dependence, in 
most cases, on original rather than sec- 
ondary sources. His interpretations are 
carefully made, though he is candid in 
admitting the ever-present difficulty of 
really understanding what ancient writ- 
ers on mechanics meant by what they 
said. This problem makes the history of 
science an involved and uncertain disci- 
pline, though perhaps only a few degrees 
more so than history in general. Two- 
thirds of the book is devoted to the his- 
tory of the force idea, from Galileo to 
modern times. There is a particularly 
good discussion of the problem of the 
possible influence of theological ideas on 
Newton’s concept and of the converse 
problem of the influence of his mechan- 
ics on theological thought in the 18th 
century. Probably not enough attention 
is paid to Newton’s third law, which has 
had such an enormous influence on the 
development of modern physics through 
the conservation theorems. 

I am glad to see adequate justice done 
to the ingenious idéas of Boscovich 
(1745), with his point centers of force. 
Moreover, there is an excellent presenta- 
tion of the famous controversy between 
the followers of Descartes and of Leibnitz 
on the “true” measure of the effect of a 
force. Through the careful critiques of 
Hertz, Mach, and Poincaré, the logical 
status of force in modern physics has 
been completely clarified, though the 
melancholy fact remains that many writ- 
ers of elementary textbooks are still not 
aware of this. It is to be hoped that the 
publication of books like that of Jammer 
will help to rectify this situation. 

R. B. Linpsay 
Brown University 


New Books 


The Shakespearean Ciphers Examined. 
An analysis of cryptographic systems 
used as evidence that some author other 
than William Shakespeare wrote the 
plays commonly attributed to him. Wil- 
liam F. Friedman and Elizabeth S. Fried- 
man. Cambridge University Press, Lon- 
don, 1957. 320 pp. $5. 

Marysvale, Utah, Uranium Area. Ge- 
ology, volcanic relations, and hydrother- 
mal alteration. Special Paper 64. Paul F. 
Kerr, Gerlad P. Brophy, Harry M. Dahl, 
Jack Green, Louis E. Woolard. Geological 
Society of America, New York, 1957. 212 
pp. 


Angular Momentum in Quantum Me- 
chanics. A. R. Edmonds. Princeton Uni- 
versity Press, Princeton, N.J., 1957. 154 
pp. $3.75. 

Synthesis of Passive Networks. Theory 
and methods appropriate to the realiza- 
tion and approximation problems. Ernst 
A. Guillemin. Wiley, New York; Chap- 
man & Hall, London, 1957. 759 pp. $15. 

Quantitative Inorganic Analysis. G. 
Charlot and Denise Bezier. Translated by 
R. C. Murray. Methuen, London; Wiley, 
New York, 1957. 701 pp. $15. 

The Visual Pigments. H. J. A. Dart- 
nall. Methuen, London; Wiley, New York, 
1957. 223 pp. $6. 

An Encyclopaedia of Annual and Bi- 
ennial Garden Plants. Faber & Faber, 
London, 1957 (order from Macmillan, 
New York 11). 488 pp. $12.50. 

The Faunal Connections between Eu- 
rope and North America. Carl H. Lind- 
roth. Wiley, New York; Almquist & Wik- 
sell, Stockholm, 1957. 344 pp. $15. 

Bacterial Fermentations. H. A. Barker. 
Wiley, New York; Chapman & Hall, Lon- 
don, 1956. 102 pp. $3. 

A Classified Bibliography of Gerontol- 
ogy and Geriatrics. Supplement 1, 1949- 
1955. Nathan W. Shock. Stanford Uni- 
versity Press, Stanford, Calif., 1957. 553 
pp. $15. 

Nomina Anatomica. Fr. Kopsch. 
Thieme, Stuttgart, Germany, 1957. 166 
pp. $1.55. 

For Future Doctors. Alan Gregg. Uni- 
versity of Chicago Press, Chicago, 1957. 
174 pp. $3.50. 

Science in Australian Primary Schools. 
C. D. Hardie. Melbourne University 
Press, Carlton, N.3, Victoria, 1957 (order 
from Cambridge University Press, New 
York). 90 pp.’ $3.75. 

Advances in Radiobiology. Proceedings 
of the Fifth International Conference on 
Radiobiology held in Stockholm on 15-19 
Aug. 1956. George Carl de Hevesy, Arne 
Gunnar Forssberg, John D. Abbatt. Oliver 
& Boyd, Edinburgh, Scotland, 1957. 519 
pp. 77s. 6d. 

Dawn in Arctic Alaska. Diamond Jen- 
ness. University of Minnesota Press, Min- 
neapolis, 1957. 222 pp. $4.75. 

Chemistry for the Laboratory. Alfred 
B. Garrett, Joseph F. Haskins, Thor R. 
Rubin, Frank H. Verhoek. Ginn, Boston, 
ed. 2, 1957. 423 pp. $4.25. 

Language: An Enquiry into Its Mean- 
ing and Function. Ruth Nanda Anshen, 
Ed. Harper, New York, 1957. 384 pp. $6. 

Religion without Revelation. Julian 
Huxley. Harper, New York, 1957. 252 
pp. $4. 

The Divine Quest in Music. R. W. S. 
Mendl. Philosophical Library, New York, 
1957. 265 pp. $7.50. 

Handbook of Chemical Data. F. W. 
Atack, Ed. Reinhold, New York, 1957. 
629 pp. $6.75. 

The Carbohydrates. Chemistry, bio- 
chemistry, physiology. Ward Pigman, Ed. 
oe Press, New. York, 1957. 919 pp. 

20. 

Conservation. An American story of 
conflict and accomplishment. David 
Cushman Coyle. Rutgers University 
Press, New Brunswick, N.J., 1957. 296 
pp. $5. 
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Meetings and Societies 


Humanist and Ethical Union 


Members of the second Congress of 
the International Humanist and Ethical 
Union, from 21 countries, were laymen 
with practical social interests and aca- 
demic persons from biological, sociologi- 
cal, and philosophical fields. The physi- 
cal sciences were poorly represented, but 
the social impact of the physical sciences 
dominated and shaped the thinking of 
the congress. 

In his presidential address, “Mankind 
now,” Lord Boyd Orr enunciated the 
general theme of the congress: science, 
which has advanced farther in the last 
50 years than in the previous 2000, is 
pushing mankind into a new age, which 
will differ from the early 19th century by 
more than that era differed from early 
extinct civilizations; the only hope for 
the survival of our civilization is in radi- 
cal readjustment to the new conditions 
which modern science has created; a hu- 
manist movement is required, by its faith 
in science and in human responsibility, 
to play a leading part in effecting this 
radical readjustment. Boyd Orr took as 
the three main tasks of readjustment the 
abolition of war, the distribution of 
plenty, and the arrest of the growth of 
population, and he insisted, finally, on 
the all-important character of freedom 
of thought and communication as the 
source of science and of progress and as 
the characteristic contribution of human- 
ism. 

T. T. ten Have (professor of psychol- 
ogy and social ethics at the University of 
Amsterdam), in an address on “The 
humanistic venture in our time,” made a 
more elaborate analysis of the present 
situation. Describing the prominent and 
alarming forms of disintegration and of 
integration, he related them to libera- 
tion, reevaluations, and recognition of 
new responsibilities and concluded that 
man will be educated by an increasing 
awareness of the situation and will con- 
vert his loss of rootedness into a new re- 
latedness, rationally and emotionally 
sound. 

J. Bronowski, addressing the congress 
on “Science and responsibility,” rebutted 
the thesis that science is only a means, 
which should be subordinated to ends 
imposed dogmatically by the traditional 
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moral codes. Truth is the paramount 
value from which all other values are 
derived; it is the drive for knowledge 
which makes men human, for knowledge 
is the tool by which they gain the free- 
dom to be most fully themselves, and 
science has made fulfillment the driving 
motive of our civilization. It is, therefore, 
the responsibility of the scientist to form 
new moral codes appropriate to our civil- 
ization and to create a universal ethic 
by educating himself and the public in 
the universal applicability of scientific 
method. 

H. J. Muller, speaking on “Radioac- 
tive fallout in relation to human prog- 
ress,” compared the estimated harmful 
effects of nuclear tests already held with 
those resulting from unavoidable natural 
causes and from medical practice, in 
order to show that the widespread public 
protest expressed not so much indigna- 
tion at the tests as a dread of nuclear 
war and therefore of nuclear weapons. 
He argued that America’s development 
of nuclear weapons had saved the West- 
ern world and that the present situation 
of stalemate gave the world, for the first 
time in history, a precarious security. In- 
stead of seeking an illusory return to 
conventional arms, he said, the great 
powers should maintain the stalemate by 
removing the barriers of secrecy in work- 
ing out further development of nuclear 
weapons. Meanwhile, the time of pres- 
ent restraint should be used to lay the 
foundations of lasting peace. Muller had 
just come from a world conference of 
scientists at Pugwash, the estate of Cyrus 
Eaton in Nova Scotia, which followed 
the Einstein-Russell initiative. 

The congress was divided into four sec- 
tions to discuss papers on the humanist 
outlook on philosophy, personal life, so- 
cial life, and organization. In the main 
paper on philosophy, Horace Friess (pro- 
fessor of philosophy at Columbia Uni- 
versity) started from the position of 
Julian Huxley at the first congress— 
namely, that through the development 
of science, the possibility of man’s as- 
suming a hitherto unimagined responsi- 
bility for the direction of life on this 
planet stands out against the alternative 
of present drift into a seriously deteri- 
orated condition..He quoted from the 
report to the American Association for 


the Advancement of Science of the In- 
terim Committee on the Social Aspects 
of Science to indicate the unsatisfactory 
present social conditions for the growth 
and application of science. In deprecat- 
ing prevalent attitudes and fears and 
calling for a creative relationship be- 
tween specialized scientific and general 
human intelligence, he suggested the co- 
operation between specialist and patient 
in modern psychotherapy as the type of 
interplay needed to promote a more hu- 
manistic use of science. The report of 
this section recognized science as the 
means of increasing human fulfillment 
and as the basis and test of humanist 
convictions but included a warning 
against utopian thinking. The section 
adopted a motion by Huxley to form a 
panel for the preparation of a “Human- 
ist manifesto,’ which should include a 
statement of the grounds and contents 
of humanist beliefs, of the humanists’ 
ultimate and immediate aims, and of the 
basic differences between humanism and 
other major contemporary systems of 
thought and belief. 

The Section on Personal Life ex- 
pressed qualified confidence in man’s sus- 
tained endeavor, as he learns from ex- 
perience, to develop human resources, 
capacities, and energies and to direct 
them to the achievement of higher levels 
of human relationship, greater personal 
fulfillment, and more responsible social 
institutions. The topics discussed by the 
section were education, marriage and 
family life, facing tragedy, and social 
ethics. On education, there was insist- 
ence on the mutuality of the child-adult 
relationship, on honesty in both the ap- 
proach to the child and the knowledge 
imparted, and on respect for the validity 
of the learner’s choices. On social ethics, 
the group faced the conflicts and pres- 
sures generated by our increasingly com- 
plex societies and repudiated dogmatic 
solutions of the problems involved. Cul- 
tivation of a sensitive ethic, of informed 
insight, of a sense of personal identity, 
and of awareness of interdependent re- 
sponsibility was the remedy, it stated, 
against the pressures of society in the di- 
rection of conformity and was the way 
to a full release of human energies. 

The Section on Social Life, recogniz- 
ing both that humanists are committed 
by their convictions and aims to take an 
active part in political issues and that it 
is out of the question for humanist move- 
ments to give allegiance to any political 
party, declared in its report that the first 
task of a humanist movement must be 
to work for the conditions necessary for 
free inquiry and to strive to remove the 
obstructions put in the way of scientific 
investigation of social problems by, for 
example, vested interests and dogmatic 
attitudes. In this connection, full support 
for the work of UNESCO was urged. 
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Other points stressed were the impor- 
tance of bringing an adequate concern for 
human values into the developing science 
of industrial management and the need 
for experimentation in the structure and 
control of industrial undertakings; sup- 
port for the organizations and agencies 
studying and dealing with the funda- 
mental problem of population; and the 
need to keep the political, social, and 
cultural development of the poorer 
countries in step with their economic 
expansion. 

At the final plenary session, the con- 
gress adopted, for action, a statement 
which posed the problem of defense in 
the present arms situation. “We all have 
vital interests in the world to be defended 
and extended: how can it be done with- 
out wrecking the whole human enter- 
prise? That is the crude question which 
demands a set of realistic answers.” Our 
thinking on this question is evidently 
confused, precipitate, and frightened. 
The situation is unprecedented, and our 
habitual political ideas and ideals have 
become too suddenly obsolescent for clear 
and united thinking relative to new and 
adequate forms of political behavior to 
emerge without a very special and in- 
formed effort. What is wanted first of 
all, to focus and enlighten world think- 
ing on this most vital human question, 
is a world commission of experts of the 
highest caliber in the fields of politics, 
sociology, philosophy, and the sciences to 
examine the problem of the defense and 
development of legitimate interests in all 
its aspects. This has become a common 
human problem, not merely the prob- 
lem of sovereign states or of power blocs, 
and it is this new situation that requires 
new thinking, which must be world 
thinking. The congress adopted the state- 
ment and authorized the executive com- 
mittee of the International Humanist 
and Ethical Union to try to mobilize an 
informed public demand for such a con- 
ference or commission. 

H. J. BhackHAM 
Ethical Union, London, England 


Structure of the Nucleus 


The Robert A. Welch Foundation wiil 
sponsor a research conference on The 
Structure of the Nucleus in Houston, 
Tex., 20-22 November. Some 500 scien- 
tists from all over the world are expected 
to attend. 

The program includes: Glenn T. Sea- 
borg, “Man-Made Elements”; D. H. 
Wilkinson, “The Structure of the Light 
Nuclei”; Eugene P. Wigner, “Isotopic 
Spin—A Quantum Number for Nuclei”; 
J. Hans Jensen, “Progress in the Theory 
of Nuclear Structure”; Ernest O. Law- 
rence, “Some Recent Developments in 
Nuclear Science”; L. Van Hove, “The 
Structure of Nuclear Matter as a Prob- 
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1-15. Bahamas Medical Conf., 4th, 
Nassau, Bahamas. (B. L. Frank, 1290 
Pine Ave., W. Montreal, Que., Canada. ) 

2-5. American Rocket Soc., annual, New 
York. (J. J. Harford, ARS, 500 Fifth 
Ave., New York 36.) 

2-5. Entomological Soc. of America, 
annual, Memphis, Tenn. (R. H. Nelson, 
ESA, 1530 P St., NW, Washington 5.) 

3-4, Human Factors in Systems Engi- 
neering, symp., Philadelphia, Pa. (C. 
Fowler, American Electronic Labs., 121 
N. 7 St., Philadelphia. ) 

4-8. American Psychoanalytic Assoc., 
New York, N.Y. (J. N. McVeigh, APA, 
36 W. 44 St., New York 36.) 

4-10. American Acad. of Optometry, 
annual, Chicago, Ill. (C. C. Koch, 1506- 


1508 Foshay ‘Tower, 
Minn.) 

5-7. Texas Acad. of Science, annual, 
Dallas. (G. C. Parker, Education Dept., 
Texas A&M College, College Station.) 

5-8. American College of Cardiology, 
6th interim, Cincinnati, O. (P. Reichert, 
ACC, Empire State Bldg., New York 1.) 

6-7. Oklahoma Acad. of Science, an- 
nual, Enid. (J. T. Self, Dept. of Zoology, 
Univ. of Oklahoma, Norman.) 

7-8. American Acad. of Dental Medi- 
cine, New York, N.Y. (S. Ross, 136 E. 
36th St., New York 16.) 

8-11. American Inst. of Chemical En- 
gineers, annual, Chicago, Ill. (F. J. Van 
Antwerpen, AIChE, 25 W. 45 St., New 
York 36.) 
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is devoted to homogeneous processes, considering among the heterogeneous 
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of complex exchange are presented for apparently the first time. Appendix of 
44 Tables includes: Thermodynamic functions of isotopic molecules, equilib- 


rium constants for isotopic exchange, and data on kinetic isotopic effects; also 
an index of isotopes mentioned, and their properties. 


Complete English Translation, 456 pages, $35.00 


ALL-UNION CONFERENCE ON APPLICATION 
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Abstracts of 55 papers from this session, held in Moscow, March 25—April 2, 
1957, sponsored by the Ministry of Chemical Industry, USSR, and the Division 
of Chemical Sciences, Academy of Sciences, USSR. 
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9-11. Fluorides Symp., Cincinnati, 
Ohio. (Secretary, Inst. of Industrial 
Health, Kettering Laboratory, Eden and 
Bethesda Aves., Cincinnati 19.) 

9-13. Eastern Joint Computer Conf., 
Washington, D.C. (H. H. Goode, Dept. 
of Electrical Engr., Univ. of Michigan, 
Ann Arbor.) 

9-22. Southeast Asia Soil Science Conf., 
lst, Manila, Philippines. (I. G. Valencia, 
Bureau of Soils, P.O. Box 1848, Manila.) 

10-11. Water Quality Control for Sub- 
surface Injection, 2nd annual conf., Nor- 
man, Okla. (M. L. Powers, Extension 
Div., Univ. of Oklahoma, Norman. ) 

13-14, Association for Research in 
Nervous and Mental Disease, 37th an- 
nual, New York, N.Y. (R. J. Masselink, 
700 W. 168 St., New York 32.) 

15-18. American Soc. of Agricultural 
Engineers, Chicago, Ill. (J. L. Butt, ASAE, 
St. Joseph, Mich.) 

17-19. Nuclear Sizes and Density Dis- 
tributions Conference, Stanford, Calif. 
(R. Hofstadter, Stanford Univ., Stan- 
ford, Calif.) 

19-21. American Physical Soc., Stan- 
ford, Calif. (W. A. Nierenberg, Univ. of 
California, Berkeley 4.) 

26-27. Northwest Scientific Assoc., an- 
nual, Spokane, Wash. (W. B. Merriam, 
Geography Dept., State College of Wash- 
ington, Pullman.) 

26-30. American Assoc. for the Ad- 
vancement of Science, annual, Indian- 
apolis, Ind. (R. L. Taylor, AAAS, 1515 
Massachusetts Ave., NW, Washington 5.) 





The following 43 meetings are being 
held in conjunction. with the AAAS an- 
nual meeting. 

AAAS Acad. Conference, annual 
(Father P. H. Yancey, Spring Hill Col- 
lege, Mobile, Ala.). 28 Dec. 

AAAS Cooperative Committee on the 
Teaching of Science and Mathematics (F. 
B. Dutton, Dept. of Chemistry, Michigan 
State Univ., East Lansing). 27 Dec. 

Alpha Chi Sigma (R. L. Hicks, 1130 
E. Jefferson St., Franklin, Ind.). 

Alpha Epsilon Delta (M. L. Moore, 7 
Brookside Circle, Bronxville, N.Y.). 28 
Dec. 

American Assoc. of Hospital Consult- 
ants (J. B. Norman, 8 South Church St., 
Greenville, S.C.) 

American Astronomical Soc. (J. A. 
Hynek, Smithsonian Astrophysical Ob- 
servatory, 60 Garden St., Cambridge 38, 
Mass. ). 27-30 Dec. 

American Geophysical Union (E. M. 
Brooks, Dept. of Geophysics, St. Louis 
Univ., St. Louis 8, Mo.). 

American Medical Assoc. Committee 
on Cosmetics (Mrs. V. L. Conley, AMA, 
535 N. Dearborn St., Chicago, Ill.). 28- 
29 Dec. 

American Meteorological Soc. (K. C. 
Spengler, AMS, 3 Joy St., Boston, Mass.) . 

American Nature Study Soc., annual 
(R. L. Weaver, School of Natural Re- 
sources, Univ. of Michigan, Ann Arbor). 
26-30 Dec. 

American Physiological Soc. (F. A. 
Hitchcock, Dept. of Physiology, Ohio 
State Univ., Columbus 10.) 

American Psychiatric Assoc. (M. 
Greenblatt, Massachusetts Mental Health 
Center, 74 Fenwood Rd., Boston 15). 29- 
30 Dec. 
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EC401 ELECTROPHORESIS / 
APPARATUS Your order \\! i 


will be <= 

shipped... 2 

THAT 
QUICK! 





When it’s a question of time... 
and it usually is... you can always rely upon 
NUTRITIONAL BIOCHEMICALS CORPORATION, 
Most orders are shipped the same day that they 


are received, 
A COMPLETE SELECTION OF 
MORE THAN 165 NUCLEOPROTEINS and DERIVATIVES 
Typical Derivatives 
Adenosine Triphosphate 6 Mercaptopurine 













— pen Acid 
° ozymase 
For either PAPER or Coenzyme |, 11, A 2. 6 Diamine Purine Sulfate 










8 Aza Guanine 


STARCH ELECTROPHORESIS 


Three separate cells in one. 


Cytesine 


Write for complete information. 


E-C APPARATUS COMPANY 
538 WALNUT LANE, SWARTHMORE, PENNA. 


NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 


21010 Miles Avenue ... Cleveland 28, Obio N a oe 


October 19 
Over 1700 Items 
Write Dept. 102 




















( > 
Cut Your GLASS TUBING, BOTTLES, JARS 


with the Welch HOT-WIRE CUTTER 
Obtain NEAT, QUICK, CLEAN, STRAIGHT BREAKS 


@ Cuts Pyrex Brand Glass or Soft Glass 

@ Adjustable heating current 

© Step-by-step instructions on top 

@ Wire is readily replaceable, extra wires included 


Glass tubing, bottles, or jars up to 3 inches in diameter can be cut neatly 
and quickly with this cutter. Soft glass, Pyrex-brand glass, or other hard- 
glass tubes can be cut with equal ease.-The article is first encircled with a 
scratch made by a cutter wheel conveniently mounted on the side of the 
transformer, the scratch is heated by contact with the hot wire, and then 
cooled quickly by applying water or by blowing on it. No other equipment 
is required. The cutting wire is supported on two insulated posts and is 
heated by current from a 12-volt transformer serving as the base. No. 24 
(B & S gauge) nichrome wire is used and is easily. replaced. Three extra 
wires are included. By means of an adjustment on the transformer, the 
current can be controlled to give the optimum heat for whatever type 
glass may be used. An instruction plate is mounted near this control. The 
unit operates on 115 volts, 50 or 60 cycle A.C. Overall dimensions are 
6 x 4% x 9 inches high. 





W. M. WELCH SCIENTIFIC COMPANY No. 5210 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 
1515 Sedgwick Street, Dept. E Chicago 10, Illinois, U. S. A. Each, $29.50 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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American Soc. of Hospital Pharmacists 
(G. E. Archambault, Pharmacy Branch, 
U.S. Public Health Service, Washington 
25). 

American Soc. of Naturalists (B. Wal- 
lace, Biological Lab., Cold Spring Harbor, 
Long Island, N.Y.). 

American Statistical Assoc. (V. L. An- 
derson, Statistical Lab., Purdue Univ., 
Lafayette, Ind.). 

Association of American Geographers 
(L. L. Ray, U.S. Geological Survey, 
Washington 25). 

Association for Computing Machinery 
(J. E. Robertson, Digital Computer Lab., 
Univ. of Illinois, Urbana). 

Astronomical League (W. Garnatz 
2506 South East St., Indianapolis). 


Beta Beta Beta (Mrs. F. G. Brooks, 
P.O. Box 336, Madison Sq. Station, New 
York 10). 27 Dec. 

Biometric Soc., ENAR (T. A. Ban- 
croft, Dept. of Statistics, Iowa State Col- 
lege, Ames). 

Conference on Scientific Editorial Prob- 
lems, annual (G. L. Seielstad, Applied 
Physics Lab., Johns Hopkins Univ., Silver 
Spring, Md.). 26-30 Dec. 

Conference on Scientific Manpower, 
annual (T. J. Mills, National Science 
Foundation, Washington 25). 30 Dec. 

Ecological Soc. of America (A. A. 
Lindsey, Dept. of Biological Sciences, Pur- 
due Univ., Lafayette, Ind.). 27-29 Dec. 

Metric Assoc. (J. T. Johnson, 694 West 
11 St., Claremont, Calif.). 




























Se 


Newly developed water ejection 
unit speeds cycle, prepares spore- 
bearing organisms for killing action 
of gas. 


Pre-packaged materials may be 
Processed and distributed in their 
own containers for indefinite sterile 
storage 






STEROX-0-MATIC 


SAFE + FAST + EFFICIENT 


Development of the Castle Sterox-O-Matic Gas 


GAS STERILIZATION 


Sterilizer introduces an entirely new 
concept of hospital aseptic routine. 


Heat and moisture-sensitive 
supplies too delicate for conven- 
tional processing may now be 
. Steroxcide sterilized in the 
hospital countless times without 
injury. Substantial savings in 
sterile supply costs will result. 
Adhesives, cystoscopes, catheters, 
eye instruments, powdered goods 
... even electric cords may 
now be sealed, processed and 
distributed in paper or 
plastic containers. 


Now, there is nothing that 
cannot be sterilized 100%. 


For additional 
information 
write for Catalog 
Section 4 (T). 


WILMOT CASTLE COMPANY 


17131 E. Henrietta 








National Acad. of Economics and Po- 
litical Science (D. P. Ray, Hall of Gov- 
ernment, George Washington Univ., 
Washington, D.C.). 

National Assoc. of Biology Teachers, 
annual (Miss I. Hollenbeck, Southern 
Oregon College of Education, Ashland). 
26-31 Dec. 

National Assoc. for Research in Science 
Teaching (G. G. Mallinson, Western 
Michigan College, Kalamazoo). 26-30 
Dec. 

National Assoc. of Science Writers (J. 
Troan, Pittsburgh Press, Pittsburgh, Pa.). 

National Council of Teachers of Math- 
ematics (P. Peak, College of Education, 
Indiana Univ., Bloomington). 27 Dec. 

National Geographic Soc. (W. R. Gray, 
NCS, 16th and M Sts., NW, Washington 
6). 29 Dec. 

National Science Teachers Assoc. (R. 
W. Schulz, Emmerich Manual Training 
High School, 2405 Madison Ave., Indian- 
apolis 25). 26-30 Dec. 

National Speleological Soc. (Brother G, 
Nicholas, LaSalle College, 20th and Olney 
Aves., Philadelphia 41, Pa.) 28 Dec. 

Philosophy of Science Assoc. (C. W. 
Churchman, Case Inst. of Technology, 
Cleveland, Ohio). 

Scientific Research Soc. of America, 
annual (D. B. Prentice, 56 Hillhouse Ave., 
New Haven 11, Conn.). 27 Dec. 

Sigma Delta Epsilon, annual (Miss M. 
Chalmers, Dept. of Chemistry, Purdue 
Univ., Lafayette, Ind.). 26-30 Dec. 

Sigma Pi Sigma (M. W. White, Penn- 
sylvania State Univ., University Park). 
27 Dec. 

Society for the Advancement of Crimi- 
nology (D. E. J. MacNamara, New York 
Inst. of Criminology, 40 E. 40 St., New 
York 16). 27-28 Dec. 

Society for General Systems Research, 
annual (R. L. Meier, Mental Health Re- 
search Inst., Ann Arbor, Mich.). 

Society for Industrial Microbiology, 
Washington Section (W. N. Ezekiel, Bu- 
reau of Mines, Washington 25). 

Society for Investigative Dermatology 
(H. Beerman, Univ. of Pennsylvania 
School of Medicine, Philadelphia 3), 28- 
29 Dec. 

Society of the Sigma Xi, annual (T. T. 
Holme, 56 Hillhouse Ave., New Haven 
11, Conn.). 27 Dec. 

Society of Systematic Zoology, annual 
(R. E. Blackwelder, Box 500, Victor, 
N.Y.). 26-31 Dec. , 

United Chapters of Phi Beta Kappa, 
annual address (C. Billman, 1811 Q St. 
NW, Washington, D.C.). 27 Dec. 





27. Association for Symbolic Logic., 
Cambridge, Mass. (J. Barlaz, Rutgers 
Univ., New Brunswick, N.J.) 

27-28. Linguistic Soc. of America, Chi- 
cago, Ill. (A. A. Hill, Box 7790, Univer- 
sity Station, Austin 12, Tex.) 

27-30. American Finance Assoc., an- 
nual, Philadelphia, Pa. (G. E. Hassett, 
Jr., New York Univ., 90 Trinity Pl., New 
York 6.) 

28-29. American Folklore Soc., annual, 
Chicago, Ill. (M. Leach, Box 5, Bennett 
Hall, Univ. of Pennsylvania, Phila. 4, Pa.) 

28-30. American Anthropological As- 
soc., annual, Chicago, Ill. (W. S. God- 
frey, Jr., Logan Museum, Beloit College, 
Beloit, Wis. ) 
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4 FOR THE 


Thorough 
WASHING OF 
LABORATORY 

GLASSWARE, 
INSTRUMENTS 
AND EQUIPMENT : 


NON-TOXIC for Tissue Culture 


7X o-matic Features: 
e Low pH 

















e@ Economical to Use 





e Low Foaming (140° to 
160° F) 
Will Not Interfere 
with the Operation 
of Equipment 


e@ Excellent Wetting and 
Penetrating Features 


e Instant and Complete 
Solubility 


REP 


TEMPERATURE 
CONTROLLED 


WATER BATH SHAKER 





Model 2156 


RESEARCH SPECIALTIES CO. presents its 
Model 2156 Water Bath Shaker, a variable speed 
reciprocating mechanism with a thermostatically 
controlled heated water bath. Engineered to pro- 
vide many years of reliable, efficient, trouble- 
free service, the Water Bath Shaker was designed 














especially for use in the biological laboratory. 
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Ey ND 7X o-matic is Packed 

a eg in 1-gallon bottles, 5-gallon con- 
| REM] tainers, 15 and 30-gallon drums. 
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DISPOSO-TRAY 


Disposable Plastic Trays 


Serve the same purpose as test tubes 
and 
tubes, yet cost 
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Still the most 
popular concen- 
trated Liquid 
cleaner for hand 
washing of labo- 
ratory glassware, 
instruments and 
equipment. 


can use. them 


eeu 





dispose of! 
them! 


2 
tJ 


@ Saves Space 

@ Eliminates washing of test tubes 

@ For assaying virus and many other 
tests 


Dealers Coast to Coast 


Write for Complete Information 


LINBRO CHEMICAL CO. 


681 DIXWELL AVE., NEW HAVEN 11, CONN. © 
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Standard interchangeable trays are provided in 
several styles to accommodate different sizes of 
flasks in the reciprocating rack. Racks are 
easily removable and are adjustable. 


e NEW DESIGN 

| © RELIABLE 
e ADJUSTABLE 
e EFFICIENT SERVICE 
e LOW MAINTENANCE 
e UNIFORM 


TEMPERATURE 








WRITE FOR BULLETIN 2156 


RESEARCH SPECIALTIES C0 


2005 Hopkins St. Berkeley 7, Calif. 














LETTERS 

The editors take no responsibility for 
the content of the letters published in this 
section. Anonymous letters will not be con- 
sidered. Letters intended for publication 
should be typewritten double-spaced and 
submitted in duplicate. A letter writer 
should indicate ciearly whether or not his 
letter is submitted for publication. For ad- 
ditional information, see Science 124, 249 
(1956) and 125, 16 (4 Jan. 1957). 


Science and Literature 


The article “Literature, Science, and 
the Manpower Crisis,” by Joseph Gal- 
lant [Science 125, 787 (1957)] has been 
brought to the attention of our organi- 
zation. 

It is unfortunate that a magazine 
which goes under the title Science 
should be so unscientific in checking an 
article which it publishes. It is no less 
unfortunate that a supposedly respon- 
sible teacher of English, the chairman 
of a high-school department, should 
know so little about his own national 
organization. 

Gallant refers to the Combined Book 
Exhibit as “an official publication of the 
National Council of Teachers of Eng- 
lish.” The statement is untrue. This 
pamphlet was merely a give-away item 
at a commercial booth at an NCTE 


convention; the advertisers had the privi- 
lege of displaying and advertising any 
books they chose, just as do exhibitors 
at a science convention. The official pub- 
lications of NCTE are our four maga- 
zines and the publications listed in our 
catalog; even a glance at this catalog 
would have shown that the Combined 
Book Exhibit was not included. 

Gallant is apparently unaware of the 
three reading lists that are official NCTE 
publications: Adventuring With Books, 
for elementary pupils; Your Reading, 
for junior-high pupils; and Books For 
You, for the senior-high level. A casual 
examination of these booklets would 
have changed Gallant’s article consider- 
ably. In the first booklet, under the head- 
ings “Biology—The World of Living 
Things” and “Physical Science,” no 
fewer than 130 titles are listed, in con- 
trast to only 27 in a section on poetry, 
nine in a section on music, and nine in a 
section on art. In addition, other books 
on scientific subjects are listed 
where, under such headings as “Conser- 
vation and Natural Resources,” “Persons, 
Places, and Things,” “The World To- 
day,” and “Biography.” 

In the junior-high list are 152 titles, 
under the headings “Science Fiction,” 
“Science and Scientists,” “Inventions 
and Inventors,” and “Fun and Meaning 
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in Math.” Other books on science ap. 
pear in other parts of this list. In con. 
trast, there are 56 books on music and 
musicians, 23 in a group called “Back 
Stage With Authors.” 

The senior-high list is classified differ- 
ently; hence, a less precise count is pos- 
sible. However, in one section alone— 
“I Read To See with the Eyes of Sci- 
ence’’—there are 45 titles. In another— 
“IT Read To Feel the World’s Life’— 
there are books by our or about two of 
Gallant’s favorites, Roy Chapman An- 
drews and Carl Akeley, as well as over 
200 others, many directly related to 
science. 

Gallant mentions a number of authors 
who should, in his opinion, be included 
in reading lists. Before jumping to the 
conclusion that they are not included, 
Gallant should have observed that the 
following among his recommended auth- 
ors are represented in current NCTE 
reading lists and that others have been 
included in former lists: Andrews, Beebe, 
Byrd, Teale, Heyerdahl, Ditmars, Cous- 
teau, Tazieff, Hogben, Linton, Jaffe, 
Shippen, Carson, and Ceram. 

I do not choose to debate Gallant’s 
main point that it is the English teach- 
er’s job to recruit scientists and to en- 
courage still more emphasis on science 
than already exists—although a great 
deal can be said on both sides of this 
question. 

J. N. Hoox 
National Council of Teachers of 
English, Champaign, Illinois 


It would be pointless to debate with 
Hook on the semantics of the word off- 
cial as used in his third paragraph. The 
Council had a committee of its members 
listed as being in charge of the book ex- 
hibit at the convention. The Council can- 
not shrug off responsibility for a “give- 
away” which consisted of 80 printed 
pages of annotated book listings and 
which, moreover, was mailed on request 
months after the national convention and 
in a specially prepared envelope. Such 
a booklet, given away gratis, substantially 
competed with the Council’s other read- 
ing lists, whose excellence is unquestion- 
able. 

The point made in my article, how- 
ever, did not deal with committee su- 
pervision in the National Council of 
Teachers of English or with the effective 
educationa] work performed by Hook’s 
and my organization. It pointed out the 
implications of the fact that any recom- 
mended bibliography in reading for the 
high school should give so little emphasis 
to science and should fail to list a single 
scientific title under the category “Un- 
derstanding the Universe,” which was 
given over entirely to books of devotion 
and ritual. This interpretation of “un- 
derstanding the universe” raises a graver 
semantic question for the Council and 
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FASTER PERFORMANCE 


without “speed-up” 
with the 


KERN LK 30 
MICRO-ELECTROPHORESIS APPARATUS 


¢ The new SIMULTANEOUS 
CELL provides electrophoretic 
analysis of two micro samples 
in only ONE hour (original 
cell, one sample in 1-1/2 hr.) 









¢ The new CURVE PLOTTER 
CP-5 simplifies and greatly ac- 
celerates the plotting of com- 
ponent percentages 


¢ The new, small DIALYSIS 
VESSEL dialyzes 1 ml. of 
solution in 1 hour (serviceable 
wherever micro samples must 


be dialyzed) 


Improved KERN 
FULL-CIRCLE POLARIMETER 


* Newly designed instrument cabinet 
¢ Trough revised to take standard tubes 


—but ... No change in price 








Write today for details to: 


KERN COMPANY 


7 Beekman Street © New York 38, N. Y. 





Specify 





Enzymes 


| DIFCO} . . » the only complete line 


of microbiological reagents and media 


Culture Media 
Microbiological Assay Media 
Tissue Culture and Virus Media 
Serological Reagents Antisera 
Diagnostic Reagents 
Sensitivity Disks Unidisks 
Peptones Hydrolysates Amino Acids 
Enrichments Dyes Indicators 
Carbohydrates Biochemicals 


60 years’ experience 
in the preparation of Difco products assures 


UNIFORMITY STABILITY 
* 
Complete Stocks Fast Service 


24-hour Shipment 


Difce Manual and other descriptive 
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tW IMPROVED ALOE 





" ELECTRIC MICROTOME KNIFE SHARPENER 


FOR A KEENER EDGE IN LESS TIME 


Less effort, too, in getting the keen, uni- 
form edge you want. This new improved 
sharpener has heavy duty ‘“T”’ guide holder 
that supports knife over the full length up 
to 13 inches, greatly simplifying operation. 
Holder is adjustable for differences of 
bevel required by various knives. 

Special alloy honing wheel is powered by 
unusually quiet split phase 4 h. p. motor. 
Entire mechanism is enclosed in attractive 
gray finish rubber-footed metal housing 
with aluminum platform. Overall dimen- 
sions: 13144” x 11” x 9”. Operates on 115 
volts A. C. 


For additional information, request Bulletin 20-105. 


IMPROVED STROP ASSEMBLY Standard equipment with the sharpener 


Strop removes small wire or burr left by 


hide strop and linen finishing strop mounted 


thumb screws for adjusting tension. 
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60040—Aloe Electric Microtome Knife 
shorpening. Puts final fine edge on knife. Sharpener, improved model as described, 
Assembly consists of high quality horse- with adjustable strop assembly, 3 sticks 
assorted abrasive paste, one can of 
on heavy metal frame equipped with abrasive powder, one can of special 
solvent, cord and plug. Each $295.00 


aeloe scientific 
DIVISION OF A. S. ALOE COMPANY 





BEFORE SHARPENING note 
ragged knife edge. 





ee 


FIRST HONING removes nicks 
and rough spots after only a few 
strokes on honing wheel. 





COMPLETE HONING gives fine 
edge but a fine wire or burr 
mars its keenness. 





AFTER STROPPING cutting 
edge is smooth and even; uni- 
formly sharp. 


5655 KINGSBURY, 
ST. LOUIS 12, MO. 


14 DIVISIONS 
COAST TO COAST 


857 








PHILOSOPHICAL 
LIBRARY BOOKS 


CU ELECTRONIC COMPUTERS by T. E. Ivall. A non- 
mathematical introduction to the mechanism and applica- 
tion of computers employing valves and transistors, with 
reference to their rapidly developing applications in indus- 
try, commerce and science. Illustrated. $10.00 
CJ ELECTRONICS by A. W. Keen. In this book a serious 
attempt has been made to present, in accurate terms, an 
up-to-date and comprehensive aceount of electronic devices 
and their applications. Illustrated with 190 specially 
prepared instructional diagrams and over 50 photographs. 
An introduction for the non-technical reader and student 
to all aspects of electronics in this modern age. $7.50 
(] METALLURGICAL PROGRESS-3 by Dr. J. M. McLeod, 
and others. Survey of the present state of knowledge on 
various industrial subjects is here continued with reviews 
by a number of leading specialists in four further 
branches of the iron and steel industry: refractories, non- 
destructive testing. coke and foundry technology. $6.00 
(| HISTORY OF MATHEMATICS by Joseph E. Hofmann. 
An unusually sensitive account of the growth of mathe- 
matical techniques from prehistoric times to the advent of 
the modern era. Against a broad background of Man’s ad- 
vancing civilization, Professor Hofmann connects the 
progress of mathematics with the rise of intellectual at- 
titudes and increasingly complex practical demands, In a 
wealth of detail he explores the number systems and 
methods of ancient peoples, the role of the great trans- 
lators of the Middle Ages, the problems and tensions of 
the Scholastic period $4.75 
(CJA KEY TO THE STARS by R. Van der Woolley. A 
clear account of the actual appearance of the heavens 
which explains the constitution of the stars and the 
galaxy as a whole, traces the growth of astronomical 
science through the lives of great astronomers, and 
describes today’s famous observatories, their equipment and 
work. Dr. Woolley is director of the Commonwealth Ob- 
servatory, Australia. Illustrated. $4.75 
(J GALACTIC NEBULAE AND INTERSTELLAR MATTER 
by Jean Dufay. The value of this authoritative work is 
that it provides the most complete account available of 
the many diverse phenomena, observational and _ theoreti- 
cal, involved in the study of interstellar matter. It is not 
overloaded with mathematics, but the general principles 
of mathematical investigation are adequately described. 

$15.00 
( EXPERIMENTAL PSYCHOLOGY by Ivan Pavlov. A 
comprehensive selection of the basic writings of the Rus- 
sian physiologist and psychologist, winner of the Nobel 





Prize in physiology. Many of Pavlov’s works were of 
pioneering character; others, like those on the nervous 
regulation of the heart and cardiac vessels, are now 


classics in their field. His theory on conditioned reflexes 
has become a landmark in the development of psychologi- 
cal thought. The present work contains, among others, 
papers on blood circulation, digestion, experimental psy- 
chology and psychopathology in animals, problems of 
sleep and hypnosis, a theory of types, and experimental 
pathology of the higher nervous activity. Some rare pic- 
torial material is included. Ullustrated. $7.50 
C] DICTIONARY OF PHOTOGRAPHY edited by A. L. M. 
Sowerby. A comprehensive reference book, alphabetically 
arranged, covering every aspect of amateur photography. It 
contains the essence of a dozen ordinary textbooks, and 
provides the answer to every photographic problem. This 
edition has been meticulously revised throughout with par- 
ticular attention to the sections on flash and color pho- 
tography. Illustrated. , 
(] DICTIONARY OF ANTHROPOLOGY by Charles Winick. 
The Dictionary of Anthropology is a comprehensive expli- 
cation of basic terms and concepts of archaeology, cul- 
tural anthropology, linguistics, and physical anthropol- 
ogy. The author is on the staff of Rochester University. 
$10.00 
(1) REASON AND CHANCE IN SCIENTIFIC DISCOVERY 
by R. Taton. Dr. Taton examines the relative role of 
active purpose and chance in the processes of scientific 
discovery. Steering clear of theory, he illustrates his thesis 
by practical examples drawn from the lives and works of 
such distinguished scientists as Poincaré, De Broglie, 
Bernard, Galileo, Roentgen, Becquerel, the Curies, Leibniz, 
Newton and others. Ulustrated. $10.00 
CI LIGHT, VEGETATION AND CHLOROPHYLL by J. 
Terrien, G. Truffault and J. Carles. This useful work con- 
tains two important books translated from the French. 
The first deals with the nature of light as a form of 
energy and the light requirement of plants under various 
climate conditions; the second deals mainly with the 
chemistry of chlorophyll and photosynthesis. 6.0 
CUA BOOK OF CONTEMPLATION by Dagobert D. Runes. 
This is a book of philosophy at work. The author's mind 
ranges freely and fearlessly over the main topics, tenets 
and taboos of our time—and, indeed, of all time that 
man has been on earth. Connoisseurs of wit and irony 
will relish the Book of Contemplation as a delightful and 
inexhaustible source of epigrammatic quotes. Most im- 
portant, by this swift-paced criticism of our world of ac- 
cepted appearances, he lays bare, in its breath-taking 
simplicity, the essence of righteousness which underlies the 
great religions and systems of thought, and on which the 
thoughtful modern man may base his own faith. $3.00 


MAIL THIS COUPON TODAY 
Mail to your favorite bookseller or directly to 


1 
PHILOSOPHICAL LIBRARY, Publishers d | 
| 15 East 40th Street, Dept. A-18, New York 16, N.Y. | 
| 
| 





Send books checked. To expedite shipment I enclose 
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for 20th-century education than the us- 
ages of the word official. 

What is deplorable is a pre-Copernican 
mentality in the age of nuclear physics. 
This mentality will not promote survival 
—unless it be of a pre-Copernican world. 
Surely this is not Hook’s wish. 

JosEPH GALLANT 
Mount Vernon, New York 


The “Abominable Snowman” 


It is probable that the footprints that 
have been reported from the snows of 
the Himalayas as being those of the 
“Abominable Snowman” may have been 
made by several orders of mammals [W. 
L. Straus, Jr., Science 123, 1024 (1956) }. 
In April 1953, tracks that looked like 
the photographs published in several 
popular magazines as being those of the 
“Abominable Snowman” were seen by 
the writer along the snow-covered trail 
to Baltistan, near Sonamarg, Kashmir. 
Some of the tracks were old, and some 
were fresh. The fresh tracks were large 
—4 to 6 inches wide and 10 to 14 inches 
long—and appeared to be made by a 
biped. In some of the fresher tracks the 
imprint of the toes became more and 
more pronounced as one followed the 
track, and then the toes disappeared and 
the tracks became larger. The bottom of 
the new and larger tracks showed a pat- 
tern like a rough weave but within a few 
yards became smooth and free from any 
distinguishing marks, 

The tracks were made by men wear- 
ing snow sandals to protect their feet, 
not from the snow but from ice crystals 
that form from thawing and freezing. 
These sandals were woven of a plant 
that seemed to be much like the cattail, 
Typha. The plant grows in marshy areas 
and is cut in the fall and dried, but be- 
fore it is too dry it is woven into a crude 
sandal. These snow sandals are worn by 
many inhabitants, either because they 
are too poor to buy leather or because 
they belong to a Buddhist sect that will 
not use leather. The sandals first wear 
under the toes, so the imprint of the toes 
is clear in the snow. When the wear goes 
too far, the foot-covering is discarded 
and the track changes suddenly. Dis- 
carded sandals were examined but were 
not saved, for the “Abominable Snow- 
man” was considered to be the product 
of the imagination of men who saw “ani- 
mal” tracks that had been enlarged by 
melting of the snow. Although the use of 
such snow sandals may be a local cus- 
tom, it is quite possible that some of the 
tracks reported by explorers were made 
by men wearing the type of sandal de- 
scribed here. 

Rosert K. ENDERS 
Detartment of Biology. Swarthmore 
College, Swarthmore, Pennsylvania 


EQUIPMENT NEWS 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


= COMPARATOR MICROPHOTOMETER, for 
measurements on photographic plates, 
uses a tiny mirror to deflect light from 
the line being measured, while light 
from the remainder of the field is used 
to project an image. The measuring op- 
tics are able to resolve the double com- 
ponent of the iron “triplet” at 3100 A 
when the linear separation on the plate 
is 28 uw. Scattered light is less than 0.5 
percent. The electrical output of the 
multiplier phototube is measured by a 
servo slide-wire assembly. An electronic 
control circuit automatically selects the 
point of minimum transmission of the 
spectrum line and stops the scanning 
operation to permit reading. (Jarrell-Ash 
Co., Dept. S668) 


™ SWEEP OSCILLATOR has two ranges, 10 
to 500 and 400 to 950 Mcy/sec. Two 
series of calibration marks are provided 
at harmonic frequencies of 5- and 50- 
Mcy/sec_ crystal-controlled oscillators. 
Sweep-width is variable from 5 to 40 
Mcy/sec with sweep rate approximately 
60 cy/sec. The output waveform con- 
tains less than 5 percent harmonic dis- 
tortion at full output. (Kay Electric Co., 
Dept. S670) 


™ POWER SUPPLY furnishes high-voltage 
excitation for multiplier phototubes. 
Output voltage ranges from 500 to 5000 
v d-c. The unit is designed for scintil- 
lation-counting applications. Regulation 
is 0.005 percent, and noise and ripple 
are 50 my peak-to-peak. A standard cell 
furnishes voltage reference. Current ca- 
pacity is 10 ma. (Hammer Electronics 
Co., Inc., Dept. S671) 


™ FUME Hoop is fabricated with spherical 
corners throughout to eliminate points 
where hazardous deposits. may accumu- 
late. The hoods are made of stainless 
steel integrally welded and _ ground 
smooth. Service connections are mounted 
on raised circular platforms that are 
pressed into the sheet metal. Cup sinks 
and sink bowls are integrally welded. 
(Warren Corporation, Dept. $673) 


™ZONE MELTING device for purifying 
silicon eliminates container contamina- 
tion by eliminating the container. The 
silicon rod to be purified is supported 
rigidly at its ends, while the molten zone, 
which is swept along the rod by induc- 
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tive heating, is supported only by surface 
tension. Stability of the molten zone is 
achieved by proper proportioning of load 
and generator impedances. P-type silicon 
with resistivity of 16,000 ohm cm and 
minority lifetime of 1200 usec has been 
made in this way. (Bell Telephone Lab- 
oratories, Dept. S676) 


SDISTILLED-WATER TANK is equipped 
with built-in ultraviolet light for con- 
tinuous sterilization of contents. Tanks 
are available in capacities from 5 to 
1000 gal and in cylindrical or box form. 
(Barnstead Still and Sterilizer Co., 
Dept. S674) 


@ RADIOISOTOPE-EXCITED LAMP provides il- 
lumination for marking applications for 
periods of 10 years or more without need 
for power or maintenance. The unit is 6 
in. long and has a luminous diameter of 
5 in. Brightness is 1000 wlam. Depending 
on the phosphor used, light emission 
may be in the blue, green, yellow, or 
orange regions of the spectrum. (United 


States Radium Corp., Dept. S679) 


®¢rcuIT BOARD for “breadboard” circuit 
development uses 130 conductive cells, 
arranged in a quadrilateral pattern. 
Location of the conductive cells is iden- 
tified by intersections of a network of 
grid lines. Component leads are inserted 
into the cells through an elastic covering 
to make connections. Individual compo- 
nents may be replaced or reassembled 
without damaging leads or loosening con- 
tacts. (Van-Dee Products, Dept. S680) 


®@ PRESSURE STANDARD for calibration of 
pressure instruments attains + 0.05 per- 
cent accuracy for full-scale ranges from 
5 to-2500 Ib/in.2 and +0.1 percent for 
ranges from 3000 to 10,000 Ib/in.? The 
unit, consisting of a pressure pickup, a 
frequency-modulated oscillator, and an 
integral power supply, is _ portable. 
(Wiancko Engineering Co., Dept. S681 ) 


§BALL-AND-DISK INTEGRATORS adapted 
to strip chart recorders provide integra- 
tion against time or against chart travel. 
Read-out may be by visual counter with 
manual reset, by digital printing on the 
same chart, or by pips along the edge of 
the chart with every tenth pip in the re- 
verse direction. (Royson Engineering 


Co., Dept. S692) 


® INFRARED SPECTROMETER provides auto- 
matic interchange of prisms and cams 
for selection of optimum optical elements 
for a given wavelength range. The instru- 
ment is of the double-beam, automatic- 
recording type with wide choice of scan- 
ning speed and chart scales, The optical 
system is evacuated to avoid atmospheric 
absorption. Slits are magnetically oper- 
ated. The radiation receiver is a Golay 
pneumatic detector. A built-in oscillo- 
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TESTING 
IVSTRUMENTS 


° DESIGNED 

° MODIFIED 

° MANUFACTURED 
° TESTED 


The only operating scientific laboratory offering a complete 
Testing Instrument service from the blue-print to the final 
manufacturing. We design and manufacture new instruments 
... modify existing instruments for special needs... manu- 
facture instruments from existing designs ... operate new 
instruments where impartial reports are required. 

For that special testing instrument to do a special job, we 
offer a custom designing and manufacturing service to firms, 
technical societies, trade associations, and Governmental agen- 
cies. Our designs and instruments are recognized and accepted 


in all industries. 


UNITED STATES 
TESTING COMPANY, INC. 


ESTABLISHED 1880 


1230 Park Avenue, Hoboken, N. J. 


BOSTON ¢ BROWNSVILLE * DALLAS: DENVER * LOS ANGELES * MEMPHIS 


NEW YORK ° PHILADELPHIA + PROVIDENCE: SAN ANGELO 








scope is provided for routine check of 
the performance of the electronic sec- 
tions of the instrument. (Unicam Instru- 
ments Ltd., Dept. S678) 


™ TEMPERATURE CONTROL CABINET pro- 
vides control from 0 to 60°C to +0.5°C. 
Temperature throughout the chamber is 
uniform within 1°C. The chamber, 
which is lined in porcelain-enameled 
steel, measures 16 by 17 by 35 in. (Elec- 
tric Hotpack Co., Dept. $682) 


™ MERCURY ARC LAMP has a stable, con- 
stricted, short arc, measuring 0.3 by 0.3 
mm, which provides a point source of 
light. Made of fused quartz, the lamp 
provides ultraviolet as well as visible ra- 
diation. Forced cooling is not required. 
The power supply operates from 110- to 
120-v, 60 cy/sec power. (George W. 
Gates and Co., Inc., Dept. S683) 


™ OZONE METER bases its operation on the 
opacity of ozone to ultraviolet radiation 
in the region of 2537 A. The standard 
model is sensitive in a range from 0 to 40 
mg/lit with accuracy of +5 percent of 
full scale. Units for other ranges are 
available on special order. (Welsbach 
Corporation, Dept. S685) 


™ COMPUTER RECORDER accepts asynchro- 
nous digital data from several sources and 
combines them in any selected sequence 
together with record numbers and man- 
ually inserted, fixed data. The data are 
accumulated in an internal core storage 
and are then transferred to magnetic tape 
in the format and sequence desired for 
input to computers. Up to 40,000 12-bit 
words per second can be accepted. Visual 
indications of the last record number and 
the last test-data values are furnished. 
(Epsco Inc., Dept. S688) 
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Easy, accurate weighing is 
with Ainsworth i 
chainweight balances 


“The chemists I talk to all know 
that it is easier and faster to operate a 
chainweight than to fiddle with 
a beam rider and small milligram weights. 
“They realize too that a chainweight 
is not a unit of mass — just a variable 
weight calibrated to the balance. 


“The calibration takes some doing, 
and here are some of ‘the little things 
that count,’ on Ainsworth 
Chainweight Balances, which result 
in easy, fast, and accurate weighing. 

“free hanging chain 

“sapphire jewel and adjustable pivot 
mounting 

“chain suspended from graduated 
tape (you can’t move the tape without 
moving the chain) 

“ball bearing pulleys 

“direct drive 

“solid 14K gold chain” 





Just call your laboratory supply 
jlesman...he can or more 
information about Ainsworth 
proved and balances 


and weights... 





balances... 
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® Trap, for isolating an ultrahigh-vacuum 
system from contaminating oil vapor, 
permits achievement of pressures as low 
as 1078 mm-Hg in a glass system using 
an ionization gage as a pump. A con- 
tinuous spiral of corrugated copper foil, 
0.003 in. thick, completely fills the Pyrex 
trap. The trap is effective for over a 
month of continuous operation before it 
must be baked out to remove adsorbed 
gases, (Consolidated Electrodynamics 
Corp., Dept. S686) 


™ SCALER-RATEMETER combines a rate- 
meter with a scale-of-100 counter and a 
four-digit mechanical counter. A digitally 
indicating timer measures elapsed time 
to 1000 minutes in hundredths of a min- 
ute. A voltage supply for counters and 
amplifiers is provided. Input sensitivity 
is 0.25 v, negative pulse. The resolving 
time of the scaler is 10 usec for pulse 
pairs. The ratemeter has ranges 0 to 
500, 0 to 5000, and 0 to 50,000 count/ 
min with response time of 15 sec. (Nu- 
cleonic Corporation of America, Dept. 
$693 ) 


MINSTRUMENTATION CAMERA operating 
at 2800 frames per second incorporates 
both a rotating prism and a rotating disk 
shutter. The rotating prism permits con- 
tinuous flow of film. Interchangeable disk 
shutters with openings from 5 to 60 deg 
are available. Film capacity is 500 ft. 
(Gordon Enterprises, Dept. S689) 


™ ULTRASONIC CLEANER incorporates a 
self-contained filtering system. The oper- 
ating frequency is 40 to 44 kcy/sec. Ca- 
pacity is 1 gal. Circulation of the fluid 
through the filter begins automatically 
after a predetermined cleaning period. 
(Gulton Industries, Inc., Dept. S690) 


™ MICROCINEMA APPARATUS for taking 
motion pictures through the microscope 
includes platform for microscope and 
adjustable column and camera supports. 
A beam-splitter observation eyepiece per- 
mits simultaneous observation and pho- 
tography. The camera swings out of the 
way for normal use of the microscope. 
(Rolab  Photo-Science Laboratories, 
Dept. S695) 


®@ RECHARGEABLE BATTERY is designed spe- 
cifically for miniature and subminiature 
electrical and electronic applications. 
Sintered-plate, nickel-cadmium _ elec- 
trodes are used, and the cell is hermeti- 
cally sealed and is nongassing upon re- 
charging. Cells are available in 0.25 ma 
hr and 0.5 ma hr sizes. Nominal voltage 
is 1.2. Currents up to.15 times nominal 
can be drawn for short periods of time. 
The 0.5 ma hr cell is 134 in. in diameter 
and 5/16 in. thick. (Gulton Industries, 
Inc., Dept. S697) 

JosHua STERN 
National Bureau of Standards 
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DROP 
COUNTER 





Y4-IN. DIA. TARGET AREA 


FORMED BY DROP ACTS AS 


LENS TO REDUCE LIGHT 
REACHING PHOTOTUBE. 


| fraction collectors without 


e % in. diameter target area assures ‘‘no-miss’’ count. 
e@ No critical adjustment of dropping. 


@ Phototube blanking time as short as 0.5 millisecond. 


no spurious counts. 


@ Operates reliably in refrigeration rooms. 


SEND FOR BULLETIN 177 


NATIONAL INSTRUMENT 
LABORATORIES, INC. 


AVE., RIVERDALE, MD. 














TRAD! 


AVAILAB 


CUPFERRON (ACS Rea- 
gent Grade) For Uranium 
assay; for precipitation of 
iron, titanium, molybde- 
num, vanadium, etc. 


GIRARD’S “P” Reagent and 
GIRARD’S “T” Reagent 
(Reagent Grade) For iso- 
lation and separation of 
ketonic materials. 


POTASSIUM METAPERI- 
ODATE (ACS Reagent 
Grade) For manganese 
determination; For steel 
analysis. 


PYRIDINIUM BROMIDE 
PERBROMIDE, C:;:H;:N * 
H Br* Bre. A solid, easily- 
handled source of Bromine. 


E-MARK 


(os FRAP AHOE™ 
LABORATORY REAGENTS 


LE HERE! 


SODIUM METAPERIO- 
DATE (ACS Reagent, also 
AOCS Ea-6-51) Readily 
soluble periodate for gly- 
cerol analysis and man- 
ganese determination. 

THIOACETAMIDE (Rea- 
gent Grade) A safer sub- 
stitute for HeS in sulfide 
and metal ions precipita- 
tions. 

“VitaStain” (Reagent Grade, 
Triphenyltetrazolium 
Chloride) Used to deter- 
mine viability of living 
plant tissues; study of en- 
zyme systems and neo- 
plasms. 

“ZEREWITINOFF”  Rea- 
gent (1.0 N soln. MeMglI 
in purified n-butyl ether) 
For determination of ac- 
tive hydrogen. 

0. 





Ask for our Data Sheets 





Vv 


describing these products. 


Write to our Dept. “B’ — your letterhead please. Samples of 
these reagents not normally supplied! 


ARAPAHOE CHEMICALS, INC. 


2800 PEARL STREET 


PRODUCERS OF FINE 
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BOULDER, COLORADO 
ORGANIC CHEMICALS 








JUNG 


Just Released ! 


THE NEW “1200” 
MODERN CLINICAL 


FREEZING MICROTOME 


The More Efficient and 
Conveniently Operated 
Clinical Microtome 


iS 








CHECK THESE IMPROVEMENTS! 
1—Automatic Feed in steps of TWO Microns 
2—Built-in object and knife cooling 
3—Dust Free: Completely enclosed 
4— Instant change-over from frozen work to paraffin 





o—Dial 
6—Knife guards, prevent injuries 
7—Ball bearing knife action 
8—Completely vibration free 
9—“Original” JUNG KNIVES 


May we send you further data on this important advance 
for scientific research? Write us today 


WILLIAM J. HACKER & CO., INC. 


82 Beaver St., New York 5, N.Y. 
Telephone BOwling Green 9-8750 


controlled advance 
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| Integrated Pilot Plant for 
7 Aerobic or Anaerobic Fermentations, Tissue Cultures 
: and other Metabolic Studies in Submerged Culture 
6 
q 
7 simple + flexible - inexpensive 
A odates 6 FERMENTORS, stainl steel with jars, 
MULTI-PURPOSE DIALYZER onmpeotine S015 ar td teas cos enh sea te Gor 
ough sterilization in autoclave; special non- ee. non- 
Providing for 16 separate samples, each up to 20 mi, the bleeding ball bearing agitator housing and sea' 
Oxford Model B Dialyzer has a buffer capacity up to 5 liters. Stainless steel baths, thermostatically controlled oo +¥%° Cc 
The unit is particularly useful for concentrating dilute protein range, ambient to 60° C., approx. (cooling water connections 
samples for paper electrophoresis and for treating protein for lower temperatures) 
ml fractions prepared by the conti flow curtain method. Twin drives for wide range of agitation and aeration rates, 150 to 
Arranged for utmost convenience, the Model B revolves 750 r.p.m. pe 2 
samples in a circular path as shown in the illustration. Samples Complete with flow meters, air filters, metering valves. 
ore geen A Sun cr ws ap Mrray on : pgp ace gp oe UNCONDITIONAL ONE YEAR GUARANTEE 
affies a e bottom o tribut 
@ maximum dialyzing efficiency by setae, born ateonel <a Write for Bulletin F600 
tion to the sample and external agitation to the buffer. 
MORE DETAILS? ASK FOR DATA SHEET IBS 
me PRICE: $59.50 NEW BRUNSWICK SCIENTIFIC CO. 
“a ae 2 PRECISION LABORATORY APPARATUS 
aboratories P. 0. BOX 606 + NEW BRUNSWICK, W. J. 
Ml SUTTER STREET © SAN FRANCISCO 4 © CALIFORNIA 
22 
24 , 
0; 
, 4 NEW TYPE 
it. paoas d q 
ts 2 _ LARGE CAPACITY 
69 
PHIPPS & BIRD 
: PIPETTE DRYER 
In the laboratory, this large capacity Pipette Dryer is particularly 
recommended for the thorough drying of pipettes of any size up to 
= \\ (0) aad AF ys 
ae 375 mm. in length. . . . Cylinder is mounted on vented base with spe- 
| | cially designed heater i in lower end of cylinder. This instrument is 
designed to take the standard rack of a 6” pipette washer. Rack is 
16 y taken out of washer, drained for about a minute, then placed right 
26 wn into the Dryer. This method of drying means less handling by the 
Ta technician, thus greatly reducing the hazard of breakage. Complete 
art with cord and plug, but without rack. 115 volts, AC or DC 
ie 
ATs» _y Without obligation, send us complete in- 
ale Cat. No. 71-731 Cat. No. 71-726 | formation on your Pipette Dryer. : 
ay, H : : 
a ' INANE weds cca cdadies west THD: 6. cecteks ' 
at, COMPANY 2. ok eee cece. Sewn ens usee we : 
Pil U PPS OX U RD, ING. AMMORE 5a oie 5s Kelis Sin.8 > Cee caidas wetee ‘ 
Manufacturers & Distributors of Scientific Equipment: EERE SO ee Bias: natn : 
6th & Byrd Streets - Richmond, Va. $cc. vp 1 oust nic aabuansil uh stidleeclion ain aaa t 
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Syracuse University Press 

1956: 26 Oct., 863 
University of California Press 

1956: 26 Oct., 860 
University of Michigan Press 

1956: 26 Oct., 836 
University of Minnesota Press 

1956: 7 Dec., 1172 
University of Wisconsin Press 

1957: 5 July, 39 
Van Nostrand, D., Co., Inc. 

1957: 1 Mar., 412; 26 Apr., 846; 11 
Oct., 679 
Wiley, John, & Sons, Inc. 

1956: 26 Oct., 839; 16 Nov., 991; 7 
Dec., 1110-1111 

1957: 11 Jan., 46; 22 Feb., 328; -15 
Mar., 509; 26 Apr., 768-769; 11 Oct., 
677 
Year Book Publishers, Inc. 

1957: 10 May, 912 


BORERS 


Sargent, E. H., & Co. 
1956: 26 Oct., 867 
1957: 14 June, 1219 


BOTTLES 


Ace Glass, Inc. 

1957: 15 Mar., 513; 30 Aug., 419 
Nalge Co., Inc. 

1956: 14 Dec., 1222 

1957: 18 Jan., 128; 17 May, 1006; 9 
Aug., 275 








\\requirement . 


s control . 





rO CHEST ER 


RT ((). Ine. ) 


864 


Zknows its way | 
around every Lab! 


Aa . NALGON 
Xv Flexible Plastic Tubing 


Z, —_— 

#NALGON is a tough, versatile tubing. that meets virtually every lab 
. has all the properties necessary for success in modern 
hemistry. Perfect flexibility for greater speed of operation . . . glass- 
‘¢lear transp arency and excellent dimensional stability. for ‘better 
*\ proces . non-toxic with high chemical resistance. 
And it's economical too! Less than 15c per ft. for the 
4” ID with bene walls. All sizes from 1 arenye 


Palo Laboratory Supplies, Inc. 
1957: 26 Apr., 780; 4 Oct., 671 
Thomas, Arthur H., Co. 
1957: 12 July, 96 


BURNERS 


Central Scientific Co. 
1956: 26 Oct., 743 
1957: 11 Jan., 87 


CAGES, ANIMAL 


Williamson Development Co., Inc. 
1957: 19 Apr., 759 


CAMERAS 


American Optical Co., Instrument Div. 

1956: 14 Dec., 1228 

1957: 18 Jan., 136; 15 Feb., 324; 24 
May, 1060; 30 Aug., 424 
Brinkmann Instruments, Inc. 

1957: 22 Feb., 330; 15 Mar., 510 
Eastman Kodak Co. 

1956: 9 Nov., 947 

1957: 4 Oct., 636 
Polaroid Corp. 

1957: 19 July, 98-99; 16 Aug., 282- 
283; 27 Sept., 589 


CARBOYS 


Nalge Co., Inc. 
1956: 14 Dec., 1222 
1957: 17 May, 1006; 9 Aug., 275 












largest 

producer of 
Plastic 
Laboratory Ware 


NEW YORK 





CATALOGS 


Ace Glass, Inc. 

1957: 12 Apr., 707; 10 May, 948; 7 
June, 1162 
Ainsworth, Wm., & Sons, Inc. 

1957: 11 Jan., 82; 8 Feb., 244; 5 Apr., 
659; 3 May, 902; 28 June, 1310; 26 July, 
176; 23 Aug., 368; 20 Sept., 572 
Allied Radio 

1957: 4 Oct., 666 
American Optical Co., Instrument Div. 

1956: 26 Oct., 757 

1957: 16 Aug., 328 
Bausch & Lomb Optical Co. 

1956: 26 Oct., 772; 7 Dec., 1124; 21 
Dec., 1232 

1957: 15 Feb., 270; 1 Mar., 382; 15 
Mar., 476; 29 Mar., 578; 3 May, 900; 10 
May, 914; 7 June, 1122; 21 June, 1230; 
5 July, 10; 19 July, 104; 30 Aug., 380; 13 
Sept., 484; 11 Oct., 682 
Beckman Instruments, Inc., Scientific In- 
strument Div. 

1956: 26 Oct., 753 
Castle, Wilmot, Co. 

1957: 15 Feb., 314; 26 Apr., 842; 21 
June, 1258 
Clay-Adams, Inc. 

1956: 21 Dec., 1266 

1957: 26 Apr., 854 
Coleman Instruments, Inc. 

1956: 26 Oct., 840 
Colorado Serum Co, 

1957: 3. May, 864 
Corning Glass Works 

1956: 26 Oct., 763; 7 Dec., 1108 

1957: 4 Jan., 2; 1 Mar., 376; 3 May, 
907; 5 July, 2 
Ealing Corp. 

1956: 26 Oct., 768 
Edmund Scientific Co. 

1956: 23 Nov., 1046; 7 Dec., 1158 

1957: 4 Jan., 32; 1 Feb., 204; 1 Mar., 
412; 5 Apr., 660; 3 May, 896; 12 July, 
89; 2 Aug., 222; 6 Sept., 466; 4 Oct., 667 
Fisher Scientific Co. 

1957: 17 May, 1004 
Graf-Apsco Co. 

1956: 16 Nov., 960 

1957: 19 Apr., 759; 3 May, 897; 10 
May, 946; 17 May, 1003; 24 May, 1058; 
31 May, 1106; 13 Sept., 523 
Kern Laboratory Supply Co. 

1957: 3 May, 898; 5 July, 39 
Nalge Co., Inc. 

1956: 26 Oct., 843; 16 Nov., 996; 14 
Dec., 1222 

1957: 18 Jan., 128; 15 Feb., 310; 15 
Mar., 514; 26 Apr., 844; 17 May, 1006; 
9 Aug., 275; 16 Aug., 320; 20 Sept., 574 
Nucleonic Corporation of America 

1957: 15 Feb., 266 
Nutritional Biochemicals Corp. 

1956: 26 Oct., 847; 9 Nov., 949; 23 
Nov., 1045; 7 Dec., 1163; 28 Dec., 1306 

1957: 4 Jan., 33; 18 Jan., 129; 1 Feb., 
205; 15 Feb., 311; 1 Mar., 415; 15 Mar., 
510; 29 Mar., 618; 12-Apr., 674; 26 Apr., 
839; 10 May, 946; 24 May, 1058; 7 June, 
1118; 21 June, 1255; 5 July, 6; 19 July, 
100; 2 Aug., 226; 16 Aug., 323; 30 Aug., 
417; 13 Sept., 480; 27 Sept., 621; 11 Oct., 
678 
Olympus Optical Instrument Co. 

1956: 16 Nov., 997 

1957: 4 Jan., 38 
Research Equipment Corp. 

1956: 9 Nov.; 950; 7 Dec., 1171 
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1957: 4 Jan., 33; 1 Feb., 210; 15 Feb., 
258; 5 Apr., 661; 26 Apr., 845; 3 May, 
864; 7 June, 1167 
Research Specialties Co. 

1956: 2 Nov., 872; 16 Nov., 994; 23 
Nov., 1045; 21 Dec., 1266 

1957: 15 Feb., 311; 22 Feb., 364; 1 
Mar., 378; 22 Mar., 570; 29 Mar., 612; 
19 Apr., 759; 3 May, 903; 10 May, 948; 
17 May, 1003; 31 May, 1103; 7 June, 
1118; 28 June, 1311; 5 July, 43; 12 July, 
89; 13 Sept., 530 
Sigma Chemical Co. 

1956: 26 Oct., 853; 7 Dec., 1120; 21 
Dec., 1266 

1957: 25 Jan., 171; 1 Feb., 206; 8 Feb., 
245; 31 May, 1106; 21 June, 1257; 19 
July, 131; 16 Aug., 321; 13 Sept., 523 
Stoelting, C. H., Co. 

1957: 3 May, 906 
Synthetical Laboratories 

1956: 26 Oct., 857 
Thomas, Arthur H., Co. 

1957: 20 Sept., 584 
Tracerlab, Inc. 

1956: 26 Oct., 759 

1957: 24 May, 1054; 6 Sept., 461 
United Scientific Co. 

1956: 30 Nov., 1095; 7 Dec., 1172; 14 
Dec., 1184 

1957: 15 Feb., 266; 1 Mar., 414; 29 
Mar., 575; 26 Apr., 846; 24 May, 1055; 
21 June, 1262; 28 June, 1309; 27 Sept., 
587; 18 Oct., 760 


CATHETOMETERS 


Central Scientific Co. 
1957: 20 Sept., 538 


CENTRIFUGES AND ACCESSORIES 


Beckman Instruments, Inc., Spinco Div. 
1956: 26 Oct., 767; 28 Dec., 1272 
1957: 11 Jan., 45; 25 Jan., 139; 15 

Mar., 474; 24 May, 1059; 12 July, 51; 

13 Sept., 535; 20 Sept., 541 

Clay-Adams, Inc. 

1956: 26 Oct., 847 
1957: 1 Mar., 378; 23 Aug., 375 

Custom Scientific Instruments, Inc. 
1956: 26 Oct., 851 

International Equipment Co. 

1956: 26 Oct., 758; 16 Nov., 959; 7 

Dec., 1119 
1957: 18 Jan., 93; 15 Feb., 268; 1 Mar., 

377; 29 Mar., 574; 26 Apr., 775; 24 May, 

1014; 7 June, 1116; 19 July, 143; 27 

Sept., 595 

Labline, Inc. 

1956: 26 Oct., 848 

Lourdes Instrument Corp. 

1956: 26 Oct., 762; 7 Dec., 1104 
1957: 15 Feb., 267; 29 Mar., 615; 12 

Apr., 708; 26 Apr., 848; 28 June, 1309; 

5 July, 41; 26 July, 179; 16 Aug., 319; 

13 Sept., 527; 4 Oct., 666 

Nalge Co., Inc. 

1956: 26 Oct., 843 

Phillips-Drucker, Inc. 
1956: 26 Oct., 861 

Sorvall, Ivan, Inc. 

1956: 26 Oct., 744—745; 23 Nov., 1006; 

7 Dec., 1117 
1957: 18 Jan., 135; 15 Feb., 256; 22 

Mar., 526; 31 May, 1062; 21 June, 2224; 

26 July, 147; 20 Sept., 539 

Will Corp. 

1957: 15 Feb., 317 
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WILD M20 research 


[HEER BRU GG microscope 


Were you to search the world over 
for an instrument that combines 
mechanical and optical excellence 
with finest construction and flawless 
finish . . . plus unmatched versatility 
in many fields of microscopy . . . 
you would find it in the Wild M20. 
Sextuple revolving nosepiece is 
optional 

Built-in illumination (20W) 


Beam splitting phototube permits bi- 
nocular focusing for photomicrography 


Phase contrast and other attachments 
for virtually every observation method 


BOOKLET M20 SENT ON REQUEST 





WILD HEERBRUGG 


INSTRUMENTS, inc. 


Main at Covert Streets Port Washington, N. Y.POrt Washington 7-4843 


SALES * FULL FACTORY SERVICES 











AT YOUR FINGERTIPS... 


any precise d-c voltage up to 100 with 


"REGATRON POWER PACKS 


SUPER-REGULATED 


Model 212, AM. Price $149.00 
with meters. . . 0 ro 100 V de, 
100 ma. Regulation 0.1% or 0.02 
volt over entire range of load and 
input voltage. Weight 14 Ibs. 
342" H x 19" W x 914" D. 

Other models up to 3 amps. 





®REGATRON Power Packs offer outstanding advantages in 
laboratory use. They are portable, lightweight, precise ... yet they 
will withstand the rigors of continuous duty. 

In the model shown above, a flick of a switch provides negative, 
positive, or ungrounded output ... a vernier control provides accurate 
voltage settings over the complete voltage range . .. and full 
current output is available at all voltage settings, even at a fraction 
of a volt. Regulation is 0.1% or 0.02 volt over the 
entire voltage range. 

REGATRON Power Packs have four rubber 
feet for table mounting, however, they can also 
be mounted in a standard 19-inch rack. 


orATORY », @® Registered U.S. Patent Office. 
Ss 


2 7 
vw Patents Pending. 
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%\MEASUREMENTS COMPANY 
be ~ INCORPORATED 
“anurac™ EATONTOWN + NEW JERSEY 





VE YOUR LABORATORY 


with MODERN, FUNCTIONAL, EQUIPMENT 





Cutaway view of our standard 
base unit: This construction 
technique permits you to inter- 
change drawers and cupboards 
by utilizing the same base cab- 
inets as your laboratory require- 
ments change. 


METALAB mass-production meth- 
ods, which have been adapted to 
custom laboratory equipment and 
furniture results in ‘‘custom” 
quality units at ‘‘standard’’ 
prices. 





LABORATORY FURNITURE 
and EQUIPMENT by 








GitettertattertntiatteD 





= 'NDUSTRIAL 
| EDUCATIONAL 
INSTITUTIONAL 
HOSPITAL use... 


From our vast experience in laying out 
the nation’s finest laboratories, METALAB 
can show you how to obtain maximum 
working and storage area in a minimum 
of space ... how to make current equip- 
ment adaptable to any possible future 
needs ... and how to achieve true econ- 
omy in laboratory equipment. This know- 
how, plus the use of only the finest 
laboratory-tested materials, assures you 
of obtaining the most at Metalab for your 
laboratory budget. 

Our Engineering Dept. wil! be pleased to 
solve your laboratory planning problems 


without any cost or obligation on your part. 
Write today for our literature ! 











METALAB C 


289 DUFFY AVE., HICKSVILLE, LONG ISLAND, N.Y. 


Our new Kester 


Ge GCM C#t ke Company Catalog ts available 


upon request on your 
company letterhead 





Please v 


isit us in Booth 162 at Trade Fair of Atomic Industry—N.Y. oe tek gS Mae ey 1957 


We will also exhibit in Booth 356 at ‘Chemical show— ~N.Y. Coliseum—Dec. 


New UNIVERSAL 
— PHOTOMETER | 


For Low Level Light Measurements 








WITH THE MODEL 
PH 200 
% Luminous Sensitivity: > 1072? Lumens 
% Amplifier Stability: Better than 0.1% Full Scale 
after warmup 
* Reliability: Signal circuitry involves 
only one vacuum tube 


% Range: Density —0to6 
Transmittance — 10-6 to 1.0 


The Model PH 200 Photomultiplie: Photo- 
meter uses the latest circuit techniques to 
provide the most reliable and flexible photo- 
meter commercially available. The instrument 
is designed to operate with all types of 
photomultiplier or phototubes and includes 
an adjustable high voltage supply. An output 
jack is provided on the rear chassis for driv- 
ing an oscilloscope or recorder. 


Price: $495.00 —— detector and photo- 
multiplier tube type 931A. 


Write for complete technical information. 
Address Depi. $ 10 


Eldorado Electronics 


1401 MIDDLE HARBOR ROAD + OAKLAND, CALIF. 


866 








NEW 
SMALL SOURCE 
Ultra-Violet 


pencil type lamp 
3/8” in diameter, 4-6" in length 


8 models, ideal for far' U.V. 
examination of small areas. 


High intensity, suitable for 
collimator use and laboratory 
instrumentation applications. 


Also, complete line of near 
and far ultra-violet lamps 
4-100 watts available in 
various sizes and models. 


For specific information 
please write: dept. S-1 


ULTRA-VIOLET PRODUCTS Inc. 
San Gabriel, California 






















CHEMICALS, BIOLOGICAL 


Agricultural Biologicals Corp. 

1957: 19 July, 137 
Borden Co., Chemical Div. 

1957: 1 Mar., 413; 22 Mar., 570; 19 
Apr., 763; 17 May, 1007; 21 June, 1266; 
20 Sept., 577; 18 Oct., 763 
Clinton Laboratories 

1957: 23 Aug., 367 
Difco Laboratories 

1957: 15 Mar., 545; 12 Apr., 714; 10 
May, 951; 7 June, 1164; 5 July, 39; 2 
Aug., 221; 30 Aug., 415; 13 Sept., 529; 
27 Sept., 623 
Eastman Kodak Co. 

1957: 9 Aug., 239 
Horner, Frank W., Ltd. 

1957: 26 July, 179 
LaMotte Chemical Products Co. 

1956: 26 Oct., 855 
Nutritional Biochemicals Corp. 

1956: 26 Oct., 847; 9 Nov., 949; 23 
Nov., 1045; 7 Dec., 1163; 28 Dec., 1306 

1957: 4 Jan., 33; 18 Jan., 129; 1 Feb., 
205; 15 Feb., 311; 1 Mar., 415; 15 Mar., 
510; 29 Mar., 618; 12 Apr., 674; 26 Apr., 
839; 10 May, 946; 24 May, 1058; 7 June, 
1118; 21 June, 1255; 5 July, 6; 19 July, 
100; 2 Aug., 226; 16 Aug., 323; 30 Aug., 
417; 13 Sept., 480; 27 Sept., 621; 11 Oct., 
678 
Pfaltz & Bauer, Inc. 

1956: 26 Oct., 856 
Pfizer, Chas., & Co., Inc. 

1956: 27 Dec., 1109 
Schwarz Laboratories, Inc. 

1956: 26 Oct., 841; 16 Nov., 
Dec., 1166 

1957: 18 Jan.; 92; 15 Feb., 318; 15 
Mar., 519; 26 Apr., 852; 17 May, 1005; 
21 June, 1263; 12 July, 91; 9 Aug., 272; 
13 Sept., 531 
Sigma Chemical Co. 

1956: 26 Oct., 853; 7 Dec., 
Dec., 1266 

1957: 25 Jan., 171; 1 Feb., 206; 8 Feb., 
245; 31 May, 1106; 21 June, 1257; 19 
July, 131; 16 Aug., 321; 13 Sept., 523; 

11-Oct., 713 
Winthrop Laboratories 

1956: 9 Nov., 914; 7 Dec., 1165 

1957: 15 Feb., 309; 22 Mar., 567; 26 
Apr., 845; 31 May, 1101; 20 Sept., 580 

“Worthington Biochemical Corp. 

1957: 15 Feb., 315; 22 Feb., 330; 22 
Mar., 570; 29 Mar., 612; 5 Apr., 667; 
12: Apr., 711; 3 May, 898; 26 July, 180; 
2 Aug., 225 


998; 7 


1120; 21 


CHEMICALS, GENERAL 


Arapahoe Chemicals, Inc. 
1956: 23 Nov., 1047 
Bio-Basic, Inc. 
1957: 13 Sept., 530 
Borden Co., Chemical Div. 
1957: 17 May, 1007; 18 Oct., 763 
Eastman Kodak Co. 
1956: 7 Dec., 1159 
1957: 8 Mar., 424 
Fisher Scientific Co. , 
1957: 12 Apr., 706; 16 Aug., 318; 13 
Sept., 530 
LaMotte Chemical Products Co. 
1956: 26 Oct., 855 
Lindsay Chemical Co. 
1956: 16 Nov., 958 
Lithium Corporation of America, Inc. 
1956: 26 Oct., 749 
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1957: 11 Jan., 43; 26 Apr., 858; 14 
June, 1176; 12 July, 95 


CHEMICALS, ORGANIC 


Eastman Kodak Co. 

1957: 4 Jan., 31; 8 Feb., 216; 5 Apr., 
624; 3 May, 895; 17 May, 1001; 7 June, 
1159; 6 Sept., 429; 4 Oct., 636 
Monsanto Chemical Co., Organic 
Chemicals Div. 

1956: 28 Dec., 1270-1271 


CHEMICALS, TRACER 


Arapahoe Chemicals, Inc. 
1957: 12 Apr., 674 
Isomet Corp. 
1957: 8 Mar., 462 
Nuclear-Chicago Corp. 
1957: 3 May, 862; 17 May, 961 
Research Specialties Co. 
1956: 23 Nov., 1045; 28 Dec., 1274 
1957: 1 Feb., 207; 29 Mar., 612; 17 
May, 1003; 28 June, 1311; 19 July, 133; 
9 Aug., 279 
Tracerlab, Inc. 
1957: 24 May, 1054; 6 Sept., 461 


CHROMATOGRAPHY EQUIPMENT 


Bio-Basic, Inc. 

1957: 13 Sept., 530 
Microchemical Specialties Co. 

1956: 26 Oct., 866; 16 Nov., 1001; 7 
Dec., 1177 

1957: 22 Feb., 369; 22 Mar., 569; 5 
Apr., 665; 21 June, 1265; 19 July, 142; 
2 Aug., 229 
Packard Instrument Co. 

1956: 23 Nov., 1042 

1957: 11 Jan., 80; 26 Apr., 838; 24 
May, 1052; 14 June, 1212 
Photovolt Corp. 

1956: 26 Oct., 845; 16 Nov., 993; 30 
Nov., 1099; 21 Dec., 1261 

1957: 4 Jan., 33; 8 Feb., 245; 1 Mar., 
413; 29 Mar., 612; 12 Apr., 711; 10 May, 
951; 31 May, 1106; 14 June, 1211; 12 
July, 94; 9 Aug., 279; 30 Aug., 417; 6 
Sept., 464; 4 Oct., 665 
Podbielniak, Inc. 

1956: 7 Dec., 1102, 1122 
Research Equipment Corp. 

1956: 26 Oct., 847; 9 Nov., 950; 7 Dec., 
1171 

1957: 4 Jan., 33; 1 Feb., 210; 15 Feb., 
258; 1 Mar., 413; 5 Apr., 661; 26 Apr., 
845; 3 May, 864; 7 June, 1167 
Research Specialties Co. 

1956: 2 Nov., 872; 21 Dec., 1266 

1957: 25. Jan., 171; 1° Mar., 378; 22 
Mar., 570; 19 Apr., 759; 7 June, 1118; 23 
Aug., 332; 6 Sept., 462 
Schaar and Co. 

1956: 2 Nov., 870 
Thomas, Arthur H., Co. 

1957: 12 July, 96; 4 Oct., 672 
Tracerlab, Inc. 

1957: 9 Aug., 235 
Wilkens Instrument & Research, Inc. 

1957: 19 july, 133 


_CLEANSERS 


Alconox, Inc. 

1956: 26 Oct., 836 

1957: 18 Jan., 130; 22 Mar., 566: 13 
Sept., 476 
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MUIRHEAD Precision Electrical Instrument Makers 


MUIRHEAD INSTRUMENTS INC. - 
MUIRHEAD INSTRUMENTS LIMITED 
MUIRHEAD & CO. LIMITED 


316. 





Engineer 
Scientist 


Research 
worker 


and 


Technician 


ebay | 


A JOURNAL OF INSTRUMENT ENGINEERING 








This quarterly journal is available to all who are concerned and 

interested in precision electrical instruments. 

The October issue includes two main items :— 

1. ‘The D-729 Phasemaster and Some Applications’, 
by A. Cooper, B.Sc., A.M.L.E.E. 

2. ‘The Analysis of Muscle Potentials by means of a Muirhead- 
Pametrada Wave Analyser’, by A. Nightingale, M.A., F.Inst.P., 
Physics Department, Guy’s Hospital Medical School, London. 


News of the latest additions to the range of Muirhead Synchros and 
Servomotors is now a regular feature. 


Write and have your name included on our Technique mailing list. 





677 Fifth Ave.- New York 22 - N.Y. 
STRATFORD ONTARIO 


KENT 


- U.S.A. 
CANADA 
ENGLAND 


BECKENHAM 











Linbro Chemical Co. 

1956: 26 Oct., 857; 9 Nov., 951; 7 Dec., 
1118 

1957: 15 Feb., 264; 26 Apr., 858 
Standard Scientific Supply Corp. 

1957: 15 Mar., 516 
Thomas, Arthur H., Co. 

1956: 9 Nov., 956 


COLORIMETERS AND 
ACCESSORIES 


Bausch & Lomb Optical Co. 
1957: 7 June, 1122; 30 Aug., 380 
Biddle, James G., Co. 
1957: 18 Jan., 134 
Fisher Scientific Co. 
1957: 15 Feb., 266 
Klett Manufacturing Co. 
1956: 2 Nov., 872; 14 Dec., 1184 
1957: 25 Jan., 140; 8 Mar., 461; 19 
Apr., 756; 31 May, 1104; 12 July, 87; 23 
Aug., 375; 4 Oct., 668 
Photovolt Corp. 
1957: 20 Sept., 577 
Thomas, Arthur H., Co. 
1957: 9 Aug., 280 


COMPUTERS 


Alwac Corp. 
1957: 1 Feb., 176 


CONDENSERS 


Niagara Blower Co. 
1957: 8 Mar., 462; 18 Oct., 760 


CONSTANT TEMPERATURE 
CIRCULATORS 


Will Corp., Bronwill Scientific Div. 
1957: 26 Apr., 837; 17 May, 1004; 12 
July, 90 


CRUCIBLES 


Corning Glass Works 
1956: 26 Oct., 763 


DECAPITATORS 


Harvard Apparatus Co., Inc. 
1957: 11 Oct 718 


DELINEASCOPES 


American Optical Co., Instrument Div. 
1957: 10 May, 956 


DENSITOMETER 


Photovolt Corp. 

1956: 26 Oct., 845; 16 Nov., 993; 30 
Nov., 1099; 21 Dec., 1261 

1957: 4 Jan., 33; 8 Feb., 245; 1 Mar., 
413; 29 Mar., 612; 12 Apr., 711; 10 May, 
951; 31 May, 1106; 14 June, 1211; 12 
July, 94; 9 Aug., 279; 30 Aug., 417; 6 
Sept., 464; 4 Oct., 665 
Welch, W. M., Manufacturing Co. 

1956: 2 Nov., 872 

1957: 4 Jan., 36 


DESALTERS 


Research Equipment Corp. 

1956: 9 Nov., 950 

1957: 4 Jan., 33; 15 Feb., 258; 5 Apr., 
661; 26 Apr., 845 
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Research Specialties Co., Reco Div. 
1957: 23 Aug., 332; 4 Oct., 665 


DESICCANTS 


Hammond, W. A., Drierite Co. 

1956: 26 Oct., 864; 9 Nov., 914; 7 Dec., 
1173 

1957: 11 Jan., 44; 15 Feb., 258; 15 
Mar., 517 


DESICCATORS 


Corning Glass Works 
1956: 26 Oct., 763 


DIALYZERS 


Laboratory Glass & Instruments Corp. 
1956: 26 Oct., 851 
Oxford Laboratories 
1957: 18 Jan., 94; 15 Feb., 262; 26 
Apr., 851; 3 May, 898; 10 May, 945; 9 
Aug., 274 


DIFFRACTION GRATINGS 


Farrand Optical Co., Inc. 
1957: 12 July, 50; 13 Sept., 474 


DISTILLOGRAPHS 


Research Equipment Corp. 
1957: 4 Jan., 33; 15 Feb., 258; 1 Mar., 
413; 26 Apr., 845; 3 May, 864 


DRYERS 


Phipps & Bird, Inc. 
1957: 24 May, 1053; 31 May, 1101 
Standard Scientific Supply Corp. 
1957: 25 Jan., 166 


ELECTROENCEPHALOGRAPHS 


Gilson Medical Electronics 
1957: 14 June, 1210 


ELECTROMETERS 


Applied Physics Corp. 
1957: 15 Feb., 260 
Cambridge Instrument Co., Inc. 
1956: 26 Oct., 766 


ELECTROPHORESIS APPARATUS 


Brinkmann Instruments, Inc. 

1957: 8 Mar., 463 
Beckman Instruments, Inc., Spinco Div. 

1956: 9 Nov:, 910; 23 Nov., 1052; 7 
Dec., 1115 

1957: 15 Feb., 261; 1 Mar., 419; 29 
Mar., 611; 12 Apr., 670; 26 Apr., 766; 
7 June, 1115; 26 July, 148; 23 Aug., 330; 
11 Oct., 674 
E-C Apparatus Co. 

1956: 26 Oct., 850 

1957: 15 Feb., 309 
Harvard Apparatus Co., Inc. 

1957: 12 Apr., 672 
Klett Manufacturing Co. 

1956: 26 Oct., 855; 2 Nov., 872; 9 
Nov., 951; 16 Nov., 997; 23 Nov., 1045; 
30 Nov., 1099; 7 Dec., 1163; 14 Dec., 
1184; 21 Dec., 1261; 28 Dec., 1306 

1957: 4 Jan., 35; 11 Jan., 86; 18 Jan., 
129; 25 Jan., 140; 1 Feb., 205; 8 Feb., 
246; 15 Feb., 311; 22 Feb., 367; 1 Mar., 
414; 8 Mar., 461; 15 Mar., 472; 22 Mar., 





567; 29 Mar., 618; 5 Apr., 667; 12 Apr., 
709; 19 Apr., 756; 26 Apr., 849; 3 May, 
897; 10 May, 947; 17 May, 1007; 24 
May, 1018; 31 May, 1104; 7 June, 1164; 
14 June, 1218; 21 June, 1266; 28 June, 
1309; 5 July, 43; 12 July, 87; 19 July, 
137; 2 Aug., 227; 9 Aug., 273; 16 Aug., 
321; 23 Aug., 375; 30 Aug., 417; 6 Sept., 
462; 13 Sept., 529; 20 Sept., 571; 11 Oct., 
715; 27 Sept., 627; 18 Oct., 761 
Laboratory Glass & Instruments Corp. 

1956: 26 Oct., 851 
Phipps & Bird, Inc. 

1957: 12 July, 87; 19 July, 100 
Photovolt Corp. 

1956: 26 Oct., 845; 16 Nov., 993; 30 
Nov., 1099; 21 Dec., 1261 

1957: 4 Jan., 33; 8 Feb., 245; 1 Mar., 
413; 29 Mar., 612; 12 Apr., 711; 10 May, 
951; 31 May, 1106; 14 June, 1211; 12 
July, 94; 9 Aug., 279; 30 Aug., 417; 6 
Sept., 464; 20 Sept., 577; 4 Oct., 665; 11 
Oct., 716 
Research Specialties Co. 

1957: 22 Feb., 364; 10 May, 948 


ELLIPSOMETERS 


Rudolph, O. C., & Sons 
1956: 26 Oct., 861 


EVAPORATORS 


Instrumentation Associates 
1957: 26 Apr., 836 

Standard Scientific Supply Corp. 
1957: 20 Sept., 576 


EXTRACTORS 


Aloe, A. S., Co., Aloe Scientific Div. 
1957: 4 Jan., 38; 1 Feb., 207 


FERMENTORS AND ACCESSORIES 


New Brunswick Scientific Co. 
1956: 16 Nov., 997; 14 Dec., 1227 
1957: 25 Jan., 140; 15 Feb., 309; 26 
Apr., 849; 23 Aug., 332 


FILM 


Eastman Kodak Co. 

1956: 9 Nov., 947 

1957: 3 May, 895; 6 Sept., 429; 4 Oct. 
636 
Polaroid Corp. 

1957: 19 July, 98-99; 16 Aug., 282- 
283 


FILM BADGES 


Nucleonic Corporation of America 
1957: 15 Feb., 266 


FILTERS 


Eastman Kedak Co. 
1957: 3 May, 895 

Standard Scientific Supply Corp. 
1956: 26 Oct., 761 
1957: 26 Apr., 855; 23 Aug., 371 


FILTERS, INTERFERENCE 


Bausch & Lomb Optical Co. 

1957: 24 May, 1022; 2 Aug., 190 
Farrand Optical Co., Inc. 

1956: 16 Nov., 1000 

1957: 15 Feb., 309; 4 Oct., 663 
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Just published: Vol. 11 (approx. 550 pages ) 
6 ANNUAL REVIEW OF FOR 
ine, 
ug., 
ue ALS 4 JLOG RADIOACTIVE 
Ict., Editorial Committee: S. P. Chilton, C. E. Clifton, EMISSION 
C. A. Evans, T. M. Sonneborn, W. W. Umbreit, 
P. W. Wilson 
Finer Morohol {Mi : PRECISION IONIZATION 
e phology of Microorganisms e : 
Colicins METER (Failla Design) 
Variations in Animal Viruses 
Review of the Microbiological and Immunological 
; 30 Literature Published in 1956 in the USSR. a ag gl mn foe Bre el nen for 
Prediction of Plant Disease Epidemics effects must be eliminated. It consists of a heavy stand supporting 
far.. Some Problems in Plant Virus Studies twin spherical ionization chambers, Lindemann Electrometer with il- 
Soil Microbiology lumination and projection system, together with standard condenser 
May, Serological Identification of Plant Viruses and oe a ee 
ap Serological Diagnosis of Virus Disea f Plant: 
7; 6 mais : —OTHER CAMBRIDGE INSTRUMENTS— 
sit Oral Microbiology LINDEMAN-RYERSON tive exposure to gamma or x- 
Nongenetic Effects of Radiation on Microorganisms _ ELECTROMETER 0 ae 5 ee ea 
Nutrition of Bacteria and Fungi ; art gy —! Fo aed quits Side ceamebainr sad 
Metabolism of Carbohydrates and Related Compounds ieuetiaa:. Whine one th. Viewing system. 
Nitrogen Metabolism ays Ayre: —— = 
ganec «. thie) saat e «s a9 
Acetic Acid Bacteria nud an Ps scale illuminated FAST NEUTRON DETECTOR 
Chemotherapy of Viral and Rickettsial Diseases through a window bottom —_ Follows closely original design 
: ~ of case. Size 8.3 x 6.5 x 3.5 cm. ’. 
Antibodies Against Enzymes of U.S. Atomic Energy Com- 
Bacterial Genetis cAMMA nay packer mien. Consists of twin 
Genetics of the Protozoa DOSIMETER Electrometer, reading micro- 
The Homograft Reaction Is a personnel monitoring in- scope and dry cetls. Self- 
Use of Tissue Cultures in Virus Research strument to measure cumula- contained. 
Vols. 2 to 10 available Send for complete information 
$7.00 postpaid (U.S.A.) ; $7.50 postpaid (elsewhere) CAMBRIDGE INSTRUMENT CO.. INC 
- 5 
ANNUAL REVIEWS, INC. 3525 Grand Central Terminal, New York 17, N.Y. 
Grant Avenue, Palo Alto, California Pioneer Manufacturers of Precision Instruments 
We supply... 
IES 
NON-TOXIC, TESTED HORSE SERUM FOR 
7 
a LTURE RESEARCH 
Research investigators in the tissue culture field are pleased 
p 
that COLORADO SERUM CO. has extended its experience to the 
diagnostic reagent field, since this means a reliable source of 
supply of non-toxic, tested Horse Serum. 
- Oct., 
We are able to offer an unusually wide range of sterile serums. 
We have experience in producing effective serums, a competent staff 
298 2- of veterinarians and bacteriologists, and maintain our own 
animals, under optimum conditions, including horses, cattle, sheep, 
chickens, rabbits, swine, mice, rats, pigeons, hamsters and guinea pigs. 
For over 35 years, COLORADO SERUM COMPANY has 
produced veterinary serums and biologicals, and now extends its 
facilties to those requiring reliable diagnostic reagents. 
© Bloods © Serums © Anti-Precipitins 
© Hemolysin © Complement 
WRITE FOR THIS FREE CATALOG TODAY! —> 
COLORADO SERUM ACO. 
10 
PEAK OF QUALITY 
Laboratory and General Office 
4950 YORK STREET e DENVER 16, COLORADO e@ MAin 3-5373 
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Fish-Schurman Corp. May, 903; 7 June, 1170; 5 July, 43; 2 
1957: 19 July, 133 Aug., 221; 27 Sept., 620; 18 Oct., 763 

FLASKS FRACTIONATORS 

Ace Glass, Inc. E-C Apparatus Co. 
1957: 15 Mar., 513 1956: 26 Oct., 850 

Corning Glass Works 1957: 15 Feb., 264; 30 Aug., 416 
1957: 6 Sept., 432 

Palo Laboratory Supplies, Inc. FRACTION COLLECTORS 


1957: 13 Sept., 527 
Aloe, A. S., Co., Aloe Scientific Div. 


> 1956: 7 Dec., 1161 
eon te sai 1957: 6 Sept., 428 
Ace Glass, Inc. Packard Instrument Co. 
1957: 2 Aug., 223 1956: 26 Oct., 837; 23 Nov., 1042; 7 
Dec., 1162 
oT TI 1957:..11, Jan., B0;''15 Feb., 319;.°26 
pa eee Apr., 838; 24 May, 1052; 14 June, 1212 
Palo Laboratory Supplies, Inc. Research Equipment Corp. 
1957: 26 Apr., 780; 4 Oct., 671 1956: 26 Oct., 847 
1957: 1 Feb., 210; 7 June, 1167 
FLUOROMETERS Research Specialties Co., Reco Div. 
1957: 30 Aug., 415; 20 Sept., 577; 18 
Coleman Instruments, Inc. Oct., 761 
1957: 3 May, 897; 2 Aug., 226 Schaar and Co. 
Farrand Optical Co., Inc. 1956: 2 Nov., 870 
1957: 11 Jan., 44; 12 Apr., 709 1957: 18 Jan., 131 
Klett Manufacturing Co. 
1956: 30 Nov., 1099 FREEZING EQUIPMENT 


1957: 11 Jan., 86; 22 Feb., 367; 5 Apr., 
667; 17 May, 1007; 28 June, 1309; 9 American Instrument Co., Inc. 


Aug., 273; 20 Sept., 571 1957: 15 Feb., 255 

Photovolt Corp. Custom Scientific Instruments, Inc. 
1956: 26 Oct., 845; 9 Nov., 951; 23 1956: 26 Oct., 851 

Nov., 1043; 7 Dec., 1165; 28 Dec., 1306 National Research Corp., NRC 
1957. At fen SEs 20; gan. 171s 22 Equipment Corp. 

Feb., 330; 8 Mar., 426; 5 Apr., 666; 3 1956: 26 Oct., 833 


Your hey le.a new world of eryoyment 


» An incomparable portable telescope by America’s 
leading manufacturer of astronomical instruments. 
Although it weighs only 45 pounds its sturdy con- 
struction, fork-type mounting and integral electric 
drive mark it as an instrument of professional 


quality. 
7 a 















Complete with Electric Drive, Slow Motions, Right 
Ascension and Declination Circles, Heavy Duty 
Tripod and Finder Telescope. 

Magnifications of 35X, 70X, 105X and 210X. 


onLY $198.50 1.0. Pittsburgh, Pa. 





Pees ee aed C=) oe | a | oe 


A Subsidiary of AMERICAN OPTICAL COMPANY 
} 
6592 HAMILTON AVENUE e¢ PITTSBURGH 6, PA. 








































Will Corp. 
1957: 15 Feb., 317 


FUNNELS 


Ace Glass, Inc. 

1957: 7 June, 1162 
American Hospital Supply Corp., 
Scientific Products Div. 

1957: 9 Aug., 236 
Corning Glass Works 

1956: 7 Dec., 1107 

1957: 5 July, 2 
Nalge Co., Inc. 

1956: 26 Oct., 843 

1957: 14 June, 1215 


FURNACES 


Brinkmann Instruments, Inc. 

1956: 23 Nov., 1043 
National Research Corp., NRC 
Equipment Corp. 

1956: 26 Oct., 833 

1957: 6 Sept., 462 
Pereny Equipment Co. 

1957: 22 Mar., 567; 19 Apr., 757; 17 
May, 1010; 14 June, 1211; 12 July, 87; 
9 Aug., 274; 6 Sept., 428; 4 Oct., 661 
Thermo Electric Manufacturing Co. 

1957: 15 Feb., 322 


FURNACES, SOLAR ENERGY 


Edmund Scientific Co. 
1957: 7 June, 1166; 12 July, 89; 2 
Aug., 222; 6 Sept., 466; 4 Oct., 667 


FURNITURE, LABORATORY 


Blickman, S. 

1957: 19 Apr., 720; 21 June, 1226; 18 
Oct., 759 
Brinkmann, C. A., & Co. 

1957: 22 Mar., 565 
Fisher Scientific Co. 

1957: 17 May, 1004; 4 Oct., 667 
New Brunswick Scientific Co. 

1957: 24 May, 1053; 27 Sept., 623 
Research Specialties Co. 

1957: 8 Feb., 246; 12 Apr., 706; 14 
June, 1218 
Standard Scientific Supply Corp. 

1957: 17 May, 1002 
Technicon Co. 

1956: 26 Oct., 845; 16 Nov., 993; 7 
Dec., 1120; 28 Dec., 1274 

1957: 18 Jan., 94; 15 Feb., 307; 15 
Mar., 522; 12 Apr., 674; 10 May, 951 


GAS-ANALYSIS APPARATUS 


National Research Corp., NRC 
Equipment Div. 

1956: 26 Oct., 833 
Perkin-Elmer Corp. 

1956: 26 Oct., 770 


GAUGES 

Ace Glass, Inc. 
1957: 5 July, 41 

GENERATORS 


Edmund Scientific Corp. 

1956: 26 Oct., 842; 23 Nov., 1046; 
7 Dec., 1158 

1957: 4 Jan., 32 
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PARR APPARATUS 
for reactions at elevated 
pressures and temperatures 







Series 3910 


LOW PRESSURE, SHAKER TYPE — For catalytic 
hydrogenation and other reactions at pressures to 
5 atm. using a 500 ml. glass reaction bottle held in 
a sturdy clamping device. Connections to a 4-liter gas 
tank sumed. Hea quantitative control of hydrogen con- 

Heater available for temperatures to 100° C. 


Series 4500 


MEDIUM PRESSURE, STIRRER TYPE — For hy- 
drogenation, alkylation, hydrolysis, polymerization, 


sulfonation and many ef reactions requiring an 
autoclave with stirrer ‘a ressures to 1000 . and 
temperatures to Sie vailable with either 1 or 


2 liter stainless steel bom 


bs, both Sisteeclinaaeabie in 
the same electric heater. 








_ Series 4000 





HIGH PRESSURE, ROCKER TYPE — For hydro- 
genation and other reactions at pressures to 6000 

sig. at temperatures to 350° C. Furnished with either 
ee or 1000. ml. stainless steel bombs. Apparatus in- 
cludes oscillatin, 7s ag capi electric heater, and con- 
nections for adding or removing gas under pressure 
while rocking. 


' Ask your Parr Dealer or write direct. 


PARR INSTRUMENT CO. 


POLINE. ILLINOIS 
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Reliable and Efficient 
for Temperature-Controlled 
Agitation 


Ambient to 100° C. 
Accuracy + 0.5 C. 


EE arune-comouen 
WATER BATH 
SHAKER 


Compact, simple apparatus for enzyme studies, 
fermentations, bacterial incubation, tissue slice 
work, homogenate research, R. Q. investigations, 
tissue cultures... many diffusions, extraction, 
dialyses, ete. 


INTERCHANGEABLE TRAYS hold flasks in controlled 
temperature water bath. 





STAINLESS STEEL RACK FRAME mounted on tank with 
4 sealed Ball Bushings for minimum friction. Height ad- 





justable in nine 12” steps. 


SEALED BALL-BEARING CAM on motor shaft produces 
reciprocating motion. Adjustable to 3 stroke lengths. 


HIGH QUALITY DRIVING MOTOR — variable-speed, 
universal type, with worm gear, reducer, ball bearings, 








sealed-in lubrication. Variable transformer permits adjust- 
ments of reciprocating rate to select proper agitation. 


HEAVY CAST, 


form temperature. 


INSULATED WATER TANK ensures uni- 
Heated by four 375-watt elements 
with thermostat control. 











SIMPLE CONTROL PANEL contains hi-low selector switch, 
speed and temperature controls, etc. Motor and heater 













circuits individually fused. 


CAT. NO. SW-2820 $E E00 
SHAKER, — with one Flask ben i 55 
for sa 50, *, ; ot 500 or L plas 
sizes (specify), Instruction Boo 

$20—$30 
Write for complete Information Bulletin today 


Additional trays availeble, each 









Comeiane Rel olelaeiielay 
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Chemicals 
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SPECIAL LAMOTTE 
REAGENTS FOR 
COLORIMETRIC ANALYSIS 


TIRON—for determination 
of Iron, Titanium, Molyb- 
denum 


ZINCON—for determination 
of Zine and Copper 


MAGNESIUM REAGENT— 
for determination of Mag- 
nesium 


* * * 


Equipment & Reagents for: i 

pH Control 

Chlorine Control 

Phosphate & Polyphosphate in 
Boiler Feed Water 

Water Analysis 


* * * 


LaMotte Chemical 
Products Co. 


























Dept. H. Chestertown, Md. U.S.A. 
DISPOSABLE 
Plastic < 


MICROSCOPE COVERSLIPS 





Robert Busse 
e Da toi 

NEW Reduced Prices"... 

18mm. or 22mm. 22 x 24mm. 
square or round to 24 x 60mm. 
1M to,box 100 to box 1 M to box 
10,000 $2.70 M $3.00 M $4.50 M 
2000 to 9000 3.60 M 4.00 M 6.00 M 
less than 2M 4.50M 5.00 M 7.50M 


22 x 22mm. = 50c oz. 


Conical urine specimen bottles * Specimen and denture cups + Masks + Caps 
Aprons + Shroud sheets + Shippers + Waxed bags + Professional towels + Exam capes 
Sterilwrap + Nursery scale lining * Pillow covers * Draping sheets + Flush away 
tissue pan bags * Examination gowns + Mortuary gowns + Wash cloths + Sur- 
gical scrub absorbent cellulose + row away plastic sheeting + Boilable plastic 

ing + Plastic tumblers + Microscope coverslips + Microscope slides. 


22 x 40mm. = 45¢ oz. 


BUSSE HOSP PROD 








64 East 8th Street, New York 3,N. Y. GRamercy 5-8783 





General Ultrasonics Co. 

1956: 26 Oct., 746 
Philips Electronics, Inc., Instruments 
Div. 

1957: 20 Sept., 583 


GLASSWARE AND ACCESSORIES 


Ace Glass, Inc. 

1957: 15 Feb., 313; 10 May, 948; 7 
June, 1162; 27 Sept., 624 
Corning Glass Works 

1956: 26 Oct., 763; 7 Dec., 1108 

1957: 4 Jan., 2; 1 Mar., 376; 3 May, 
907; 5 July, 2; 6 Sept., 432 
Fisher Scientific Co. 

1956: 26 Oct., 835 
Kern Laboratory Supply Co. 

1957: 3 May, 898; 5 July, 39 
Klett Manufacturing Co. 

1956: 2 Nov., 872; 16 Nov., 997; 30 
Nov., 1099; 14 Dec., 1184; 28 Dec., 1306 

1957: 11 Jan., 86; 25 Jan., 140; 8 Feb., 
247; 22 Feb., 367; 8 Mar., 461; 22 Mar., 
567; 5 Apr., 667; 19 Apr., 756; 3 May, 
897; 17 May, 1007; 31 May, 1104; 14 
June, 1218; 28 June, 1309; 12 July, 87; 
26 July, 177; 9 Aug., 273; 23 Aug., 375; 
6 Sept., 462; 20 Sept., 571; 4 Oct., 668; 
18 Oct., 761 
Kontes Glass Co. 

1956: 26 Oct., 748 
Palo Laboratory Supplies, Inc. 

1957: 26 Apr., 780; 4 Oct., 671 
Research Specialties Co. 

1956: 2 Nov., 872; 21 Dec., 1266 

19972" 29-9an., 171;.1. Mar., 378; 22 
Mar., 570; 7 June, 1118 
Scientific Glass Apparatus Co., Inc. 

1957: 6 Sept., 465 
Standard Scientific Supply Corp. 

1957: 19 July, 132 
Thomas, Arthur H., Co. 

1957: 20 Sept., 584 


GRADUATES 


Corning Glass Works 
1957: 3 May, 907 
Nalge Co., Inc. 
1957: 15 Feb., 310; 26 Apr., 844 


GREASES 


Biddle, James G., Co. 
1956: 14 Dec., 1227 
1957: 8 Mar., 461; 13 Sept., 524 


HEATERS 


Biochemical Associates 
1956: 26 Oct., 863 
Fisher Scientific Co. 
1956: 26 Oct., 835 
Research Specialties Co. 
1957: 15 Feb., 311; 3 May, 903; 5 July, 
43 
Thermo Electric Manufacturing Co. 
1957: 26 Apr., 840; 11 Oct., 710 


HOT PLATES 


Research Specialties Co. 
1957: 15 Feb., 311; 3 May, 903; 5 
July, 43 
Thermo Electric Manufacturing Co. 
1957: 29 Mar., 610; 21 June, 1262; 13 
Sept., 526 











a ERNIE et RRND ROMANE 
NEW PRODUCT 


BARNSTEAD ‘‘MF’’ SUBMICRON 
FILTER FOR REMOVAL OF 
PARTICLES TO 0.45 MICRON 


This new Barnstead ‘‘MF" Submicron 
Filter for either distilled or demineralized 
water, has been developed to remove sub- 
microscopic particulate matter which may 
cause trouble in some of the new processes 
in electronic and nucleonic fields. The Barn- 
stead “MF' Submicron Filter will filter out 
particles as small as .000016 inches, thus per- 
mitting a filtering technique not before pos- 
sible on a production basis. 

Each Barnstead ‘‘MF"’ Filter plate 
can filter up to 100 gallons per hour. Multiple 
plates can be employed to obtain larger flow 
rates. 

Write for new bulletin #141 to the 
Barnstead Still & Demineralizer Company, 14 
Lanesville Terrace, Boston 31, Massachusetts. 





LABORATORY EQUIPMENT 
e@ SPECTROSCOPIC EQUIPMENT 
Constant deviation spectroscopes 
Monochromators 
Kirchoff-Bunsen spectroscopes 
Student’s spectroscopes 
Spectrometers : 
Glass-type spectrographs 
Accessories for spectroscopic equip- 
ment 
Pocket spectroscopes 
e@ TENSIOMETERS 
Lecomte du Noiity Model 
Interfacial-Tensiometer, Lecomte du 
Noiiy, for measuring surface ten- 
sion of liquids. Direct reading. 
ASTM Specs. 
e@ PHOTOMETERS 
Globe type 
e@ COMPARATORS 
For quickly studying the fine struc- 
ture and diagram of x-ray films. 


NEW METEOROLOGICAL 
INSTRUMENTS 
. eaeeron SAMPLER, RECORDING 


e@ OZONE RADIO SONDE 

e@ RECORDING BALLOON THEODOLITE 

e CLOUD HEIGHT AUTOMATIC 
RECORDER 

e@ PORTABLE HYDROGEN GAS 
GENERATORS 

All the laboratory instruments offered 

have been accepted by leading institutions 

world-wide and are guaranteed as to 

quality and workmanship. The meteoro- 

logical instruments listed above are of ad- 

vanced design—have been fully field 

tested and are now in use everywhere 

with installations giving excellent service 

even in Arctic and Tropical regions. Lit- 

erature available upon request. 

Kahl Scientific Instrument Corp. 

El Cajon (San Diego) Calif. 
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HUMIDITY CONTROLLERS 


Niagara Blower Co. 
1957: 11 Jan., 83; 3 May, 900; 28 June, 
1312; 23 Aug., 369 


ILLUMINATORS 


American Optical Co., Instrument Div. 
1957: 1 Feb., 212; 12 Apr., 716; 13 
Sept., 536 
Bausch & Lomb Optical Co. 
1956: 7 Dec., 1124; 21 Dec., 1232 
1957: 10 May, 914 
Beeber, J., Co., Inc. 
1957: 15 Feb., 322 


INCUBATORS 


Central Scientific Co. 
1956: 16 Nov., 961 
1957: 26 July, 184 

New Brunswick Scientific Co. 
1957: 10 May, 945 


KJELDAHL APPARATUS 


Thomas, Arthur H., Co. 
1957: 3 May, 908 


KYMOGRAPHS 


Harvard Apparatus Co., Inc. 

1957: 12 Apr., 672 
Phipps & Bird, Inc. 

1957: 22 Feb., 365; 14 June, 1211; 21 
June, 1259; 19 July, 131; 26 July, 183; 6 
Sept., 471; 13 Sept., 524; 20 Sept., 575; 
27 Sept., 621 


LABORATORY GLAND 


Smith, Arthur F., Co. 
1957: 27 Sept., 593 


LABORATORY JACK 


Central Scientific Co. 
1956: 26 Oct., 742 


LABORATORY MILL 


Thomas, Arthur H., Co. 
1957: 8 Feb., 252 


LABORATORY PRESS 


Carver, Fred S., Inc. 
1956: 7 Dec., 1171 


LABORATORY SUPPLIES 


Ace Glass, Inc. 
1957: 15 Feb., 313; 27 Sept., 624 
Clay-Adams, Inc. 
1956: 30 Nov., 1056 
1957: 15 Feb., 312; 26 July, 177 
Fisher Scientific Co. 
1957: 14 June, 1213; 19 July, 134; 16 
Aug., 318 
Lennard, P. M., Co., Inc. 
1956: 26 Oct., 860 
Schaar & Co. 
1957: 20 Sept., 573 
Standard Scientific Supply Corp. 
1957: 15 Feb., 308 
Thomas, Arthur H., Co. 
1956: 26 Oct., 868; 7 Dec., 1180 
1957: 11 Jan., 88 
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provide 
greater 


versatility accuracy reliability 


... through a wider choice of op- 
erating ranges, response speeds, 
sizes and types of samples, sen- 
sitivity, and a variety of acces- 
sories and custom adaptations 
for special problems. Cary in- 
struments are used for exacting 
analytical work of all types— 
from plant process control to 
complex research problems. 









































provide 
greater 


... by the use of advanced design 
principles which insure maximum 
performance permitted by the 
state of the art, and developments 
which provide sensitivity, stabil- 
ity and reproducibility which 
cannot be obtained with other 
makes of standard instruments. 





























provide 
greater 


For example, sapphire and car- 
boloy is used at points of crit- 
ical wear; kinematic principles 
are employed wherever positions 
or motions must be precise and 
reproducible; and circuits are 
designed so even large changes 
in characteristics of vacuum 





tubes and other components will 
not affect performance. 






RECORDING SPECTROPHOTOMETERS — For rapid 
recording of spectra with good resolving power 
and high photometric accuracy. Provide the rug- 
gedness and reliability needed for routine labora- 
tory use, plus the flexibility to handle a variety of 
problems in the research laboratory. 





RAMAN SPECTROPHOTOMETER— Uses a unique 
optical system which gives high light-gathering 
power, high zero stability and freedom from 
effects of scattered light. Provides the advantages 
of raman spectroscopy with small samples, high 
speed and good accuracy. 








ELECTROMETERS — Vibrating reed instruments for 
measuring very small currents, charges and volt- 
ages. High sensitivity and accuracy, good stability 
and reliability. Available for many applications— 
pH and carbon 14 determinations, mass spec- 
trometry, etc. 








INFRARED ANALYZERS—For continuous analysis 
of flowing samples. Utilize selective detection and 
double beam optical system. Virtually free from 
zero drift. High inherent discrimination against 
interfering sample components. Unusual adapta- 
bility to difficult analytical problems requiring 
high sensitivity and accuracy in complex mixtures. 






















For plete descriptions, 
including sample curves, of 
all of Cary instruments, 
write for Bulletin SC-1, 


ULTRAVIOLET ANALYZERS — Provide a simple, reli- 
able means of continuously analyzing flowing 
samples for components which absorb UV or vis- 
ible radiation, or which can be converted to a 
suitable absorbing substance. 





362 West Colorado Street 
Pasadena 1, California 
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APPLIED PHYSICS CORPORATION 


LABORATORY SUPPLIES, PLASTIC 


Ace Glass, Inc. 

1957: 15 Mar., 513; 30 Aug., 419 
American Hospital Supply Corp., 
Scientific Products Div. 

1957: 9 Aug., 236 
Linbro Chemical Co., Inc. 

1956: 26 Oct., 766; 9 Nov., 912 

1957: 11 Jan., 86; 24 May, 1018 
Nalge Co., Inc. 

1956: 26 Oct., 843; 14 Dec., 1222 

1957: 18 Jan., 128; 26 Apr., 844; 17 
May, 1006; 14 June, 1215; 19 July, 136; 
9 Aug., 275; 20 Sept., 574 
Palo Laboratory Supplies, Inc. 

1957: 13 Sept., 527 
Scientific Glass Apparatus Co., Inc. 

1957: 14 June, 1175 
Standard Scientific Supply Corp. 

1957: 26 Apr., 850 


LIGHT ADAPTER 


American Speedlight Corp. 
1957: 5 Apr., 662; 17 May, 1000; 21 
June, 1261; 26 July, 178 


MACROSCOPES 
Bausch & Lomb Optical Co. 


1956: 26 Oct., 772; 9 Nov., 918; 23 
Nov., 1010 

1957: 26 Apr., 786; 6 Sept., 461 
MANOMETERS 


Will Corp., Bronwill Scientific Div. 
1957: 3 May, 899; 7 June, 1165 


MERCURY VAPOR DETECTOR 


Kruger, Harold, Instruments 
1957: 7 June, 1162; 6 Sept., 466 





TRI-R_ casorarory INSTRUMENTS 








= THERMOMETER 


RAPID, ACCURATE, DIRECT READING 
LOW COST, PORTABLE, THERMISTOR TYPE 
MANY RANGES FROM —35 to +100°C. 
INTERCHANGEABLE & SPECIAL PROBES 
CONTROLLERS & RECORDERS AVAILABLE 








Compact MAGNETIC STIRRER 


° STIR AT ANY ANGLE 





° IN OPEN OR CLOSED VESSELS & | 
© UNDER VACUUM OR PRESSURE 
© WITH OR WITHOUT HOTPLATE 7 





Teflon TISSUE HOMOGENIZERS 


INTERCHANGEABLE TEFLON PESTLES 
PRECISION BORE PYREX GLASS TUBES 
NOTCHED FOR QUICK CHANGE CHUCK 
COMPLETE APPARATUS AVAILABLE 


Qutomatic EG G-PUNCH 


FOR OPENING EMBRYONATED EGGS 
OPEN 60 EGGS PER MINUTE 
CLEAN, 1°’ CIRCULAR FRACTURE 
ONE HAND EFFICIENT OPERATION 











Write for complete literature to Dept. S. 


TRI-R INSTRUMENTS 
24-15 44th Road, Long Island City 1, N. Y. 
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METEOROLOGICAL INSTRUMENTS 


Kahl Scientific Instrument Corp. 
1957: 11 Oct., 710 


MICROANALYSIS EQUIPMENT 


Aloe, A. S., Co., Aloe Scientific Div. 
1957: 5 Apr., 667; 3 May, 866; 2 Aug., 
221 
Micro-Metric Instrument Co. 
1956: 7 Dec., 1118 
1957: 15 Feb., 264; 12 Apr., 714; 9 
Aug., 273; 13 Sept., 524 
Synthetical Laboratories 
1956: 26 Oct., 857 
Thomas, Arthur H., Co. 
1957: 5 Apr., 668 


MICROBIOLOGICAL EQUIPMENT 


Bellco Glass, Inc. 
1957: 17 May, 1012 
Biological Institute 
1957: 15 Feb., 264 
Blickman, S., Inc. 
1957: 19 Apr., 720; 
Oct., 759 
Brinkmann Instruments, Inc. 
1957: 18 Jan., 131; 15 Feb., 312 
Kontes Glass Co. 
1956: 26 Oct., 748 
Linbro Chemical Co., Inc. 
1956: 9 Nov., 912 
1957: 11 Jan., 86; 24 May, 1018 
New Brunswick Scientific Co. 
1957: 24 May, 1053; 27 Sept., 623 
Standard Scientific Supply Corp. 
1957: 26 Apr., 850 
Thomas, Arthur H., Co. 
1957: 3 May, 908 
Worthington Biochemical Corp. 
1956: 26 Oct., 769; 9 Nov., 916; 23 
Nov., 1051; 7 Dec., 1106; 21 Dec., 1230 
1957: 4 Jan., 4; 18 Jan., 96 


21 June, 1226; 18 


MICROBIOLOGICAL MEDIA 


American Hospital Supply Corp., 
Scientific Products Div. 

1957: 15 Feb., 259 
Colorado Serum Co. 

1957: 3 May, 864 
Difco Laboratories 

1956: 26 Oct., 851; 23 Nov., 
Dec., 1261 

1957: 18 Jan., 94; 15 Feb., 307; 15 
Mar., 515; 12 Apr., 714; 10 May, 951; 
7 June, 1164; 5 July, 39; 2 Aug., 221; 30 
Aug., 415; 13 Sept., 529; 27 Sept., 623 
Hyland Laboratories 

1957: 18 Jan., 127; 15 Mar., 511; 10 
May, 949; 13 Sept., 525 


1043; 21 


MICROMANIPULATORS 


Aloe, A. S., Co., Aloe Scientific Div. 
1957: 5 Apr., 667; 3 May, 866; 2 Aug., 
221 
American Optical Co., Instrument Div. 
1957: 19 July, 144 
Brinkmann Instruments, Inc. 
1956: 16 Nov., 960 
1957: 20 Sept., 571 
Leitz, E., Inc. 
1956: 9 Nov., 913; 21 Dec., 1268 
1957: 1 Feb., 174; 29 Mar., 619; 10 
May, 910; 5 July, 47; 13 Sept., 477 
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direct-reading 
syringe MICROBURET 
over 99% accurate 
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WINTHROP 
for AMINO ACIDS 


ARGININE HCl 
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CYSTEINE HCl 
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INTERCHANGEABLE SYRINGES SPEED 
MULTIPLE SAMPLE ANALYSIS 


One SB-2 Buret stand gives you the service of an 
infinite number of Microburets simply by changing 
syringes for desired volume delivery or reagent. 
Mechanical control through calibrated gauge. No 
mercury! 


Syringes available with volume deliveries of 0.2 to ; ‘ 
5.0 ul per division. m 
Request Bulletin SB-2 .. LABORATORIES 


| x SPECIAL CHEMICALS DEPARTMENT S-107 
i 1450 Broadway, New York 18, N.Y. 






_ micro-metric instrument co. 
Cleveland 22, Ohio 
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KLETT 
ELECTROPHORESIS 






CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 
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Stoelting, C. H., Co. 

1957: 19 Apr., 763; 31 May, 1101; 7 
June, 1164 
Will Corp. 

1956: 26 Oct., 849 


MICROPRINT READERS 


Eastman Kodak Co. 
1957: 4 Jan., 31 


MICRORADIOGRAPHIC 
EQUIPMENT 


Philips Electronics, Inc., Instruments Div. 
1957: 6 Sept., 427; 20 Sept., 583; 11 
Oct., 719 


MICROSCOPE ACCESSORIES 


American Optical Co., Instrument Div. 
1957: 1 Feb., 212; 12 Apr., 716; 21 
June, 1268; 13 Sept., 536 
Bausch & Lomb Optical Co. 
1956: 7 Dec., 1124; 21 Dec., 
1957: 10 May, 914 
Beeber, J., Co., Inc. 
1957: 15 Feb:, 322 
Hacker, William J., & Co., Inc. 
1957: 24 May, 1017 
Leitz, E., Inc. 
1956: 26 Oct., 751; 
957: 4-Jan,./9; 
380; 15 Mar., 471; 
77¥3 7. Jane, 1118; 


1232 


23 Nov., 1008 

18 Jan., 91; 1 Mar., 
12 Apr., 673; 26 Apr., 
19 July, 101 








For Efficient High-Speed 


Adams 


MICRO-HEMATOCRIT 
CENTRIFUGE 





SAFE. Locking the centrifuge top depresses the 
safety switch—will not operate until top is 
closed and secured. Disc which covers tubes in 
head may be stored in centrifuge cover while 
loading head. Cover will not close until disc is 
removed. 


QUIET. There is no shrill distracting whine, 
and vibration is minimized by unique shock 
mounting and perfect balance. 


QUICK. Head speed is 12,000 rpm. . . . test 
takes just three minutes. 


STOPS FAST. An automatic brake brings head 
to full stop in 14 minutes. 


PRICES: 


Centrifugation 









CAREFULLY RESEARCHED AND CLINICALLY 
TESTED. Centrifuge is specifically designed for 


micro-hematocrit work, and eliminates prob- 
lems associated with this method of blood 
testing. Shock mounting of the housing, shock 
mounting within the housing of motor and 
head, and perfect balance throughout eliminate 
noise or vibration. High speed head cuts the 
time required for centrifugation and an auto- 
matic brake stops the head in 1% minutes. An 
automatic timer is incorporated. 


COOL AND SAFE. The head and motor com- 
partments are ventilated separately, resolving 
the important problem of keeping the tem- 
perature of specimens down. Absolute safety 
is assured by a foolproof “make or break” 
switch which prevents the machine from start- 
ing unless the top is properly closed. Centrifuge 
will not start until centrifuge cover is secured. 


Cat. No. $36371 MICRO-HEMATOCRIT a aoe with one head and 


— to hold 24 capillary tubes 75mm to 32mm. For 
Si ee a een a 


No. $36372 MICRO-HEMATOCRIT CENTRIFUGE—with Combination Head, to 
hold 8 capillary tubes 75mm to 32mm, and 8 serum tubes 75x 7-8mm ... 
Cat. No. $36373 BASE only, without head 


Ca 


* 


a 
10-115 volt, 50-60 
Ea. $187.50 


. Ea, $199.50 


Raticia ia ake le aw As 0K ala! bse, See slaw. 8 Ea. $144.00 


Cat. No. $36374 HEAD, 24-place, with cover, for 75mm to 32mm capillary tubes . Ea. $ 45.00 


Cat. No. $36375 HEAD, To ce a cover, for 8 capillary blood tubes 
serum tubes x 7-8mm 


75mm or smaller, and 


STANDARD SCIENTIFIC 


Supply Corfe. vs NEW YORK 3, N-Y 


eRe ON 
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Ea. $ 57.00 


LABORATORY 
APPARATUS 
808 BROADWAY REAGENTS 
AND 
CHEMICALS fF 





MICROSCOPES 


American Optical Co., Instrument Div. 

1956: 26 Oct., 757; 16 Nov., 1004; 28 
Dec., 1308 

1957: 4 Jan., 40; 1 Mar., 420; 29 Mar., 
620; 26 Apr., 860; 7 June, 1172; 2 Aug., 
232; 27 Sept., 632 
Bausch & Lomb Optical Co. 

1956: 26 Oct., 772 

1957: 4 Jan., 8; 18 Jan., 98; 1 Feb., 
178; 15 Feb., 270; 1 Mar., 382; 15 Mar., 
476; 21 June, 1230; 19 July, 104; 6 Sept., 
461; 27 Sept., 598; 4 Oct., 667 
Ealing Corp. 

1956: 23 Nov., 1047 
Graf-Apsco Co. 

1956: 16 Nov., 960 

1957: 22 Feb., 365; 17 May, 1003; 27 
Sept., 620 
Hacker, William J., & Co., Inc. 

1957: 24 May, 1017 
Leitz, E., Inc. 

1957: 24 May, 1019; 21 June, 1225; 
2 Aug., 188; 16 Aug., 284; 30 Aug., 423: 
27 Sept., 588; 11 Oct., 676 
Monroe Microscope Service 

1957: 27 Sept., 624 
Olympus Optical Instrument Co. 

1956: 26 Oct., 760; 16 Nov., 
Dec., 1121 

1957: 4 Jan., 38; 15 Feb., 258 
United Scientific Co. 

1957: 15 Feb., 266; 24 May, 1055; 27 
Sept., 587; 18 Oct., 760 
Wild Heerbrugg Instruments, Inc. 

1956: 26 Oct., 842 

1957: 15 Feb., 316; 3 May, 901; 31 
May, 1103; 21 June, 1260; 19 July, 135; 
23 Aug., 370;-6 Sept., 467; 20 Sept., 579 
Zeiss, Carl, Inc. 

1956: 26 Oct., 765; 7 Dec., 

1957: 26 Apr., 781; 
Sept., 426 


98138 


1114 
26 July, 150; 6 


MICROSCOPES, ELECTRON 


Erb & Gray Scientific 
1957: 12 Apr., 711; 

Oct., 678 

Philips Electronics, Inc., Instruments Div. 
1957: 6 Sept., 427 


23 Aug., 367; 11 


MICROSCOPES, FLUORESCENCE 


Hacker, William J., & Co., Inc. 
1957: 9 Aug., 273; 20 Sept., 575 
Zeiss, Carl, Inc. 
1956: 16 Nov., 962 
1957: 31 May, 1108 


MICROSCOPES, INTERFERENCE 


American Optical Co., Instrument Div. 
1957: 16 Aug., 328 


MICROSCOPES, PHASE 


American Optical Co., Instrument Div. 
1957: 5 July, 48; 11 Oct., 720 
United Scientific Co. 
1956: 26 Oct., 747; 7 Dec., 1113 
1957: 1 Mar., 414; 29 Mar., 575; 26 
Apr., 846; 24 May, 1055; 21 June, 1262 


MICROSCOPES, STEREO 


American Optical Co., Instrument Div. 
1956: 2 Nov., 908; 30 Nov., 1100; 28 
Dec., 1308 


1957: 4 Jan., 40; 15 Mar., 524; 29 
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QUESTION: Interested in measuring animal 
motor activity? 


ANSWER: Metro Industries new instrument 


... The ACTOPHOTOMETER! 





Used by the laboratories of leading pharmaceutical 
manufacturers in testing and screening new drugs to 
determine their effect on the spontaneous motor activity 
of small animals. 

The Metro ACTOPHOTOMETER is efficient and gives 
accurate, reproducible quantitative recordings of in- 
creases or decreases in animal movements from normal 
controls. 


For complete descriptive details 
write for Bulletin AC-1 


METRO INDUSTRIES 
11-38 - 31ST AVENUE e L.. &-CHFY 6, &: Y. 
Manufacturers of Metroware (Semi-Micro Apparatus) and spe- 
cialized equipment for Pharmacological, Physiological and 
chemical research. 

























for densitometry in paper electrophoresis 


Recording function electrically 
adjustable from linear to 
logarithmic and trans- 
logarithmic 


Sensitivity 
adjustable from 
10 to 200 millivolts 


Designed specifically to be used with scanning densitometers for correctly- 
compensated quantitative evaluation of electrophoretic patterns on filter paper 


; ‘ TOT 
Write for Bulletin #1100 FMI 
Also: Densitometers 


Fluorescence 
Meters Photometers 










pH Meters Colorimeters 
Electronic Photometers 








@ The rapid development and extensive appli- 
cation of instrumental analysis has been made 
possible to a large extent through the infra-red 
and ultra-violet transmitting optics supplied by 
The Harshaw Chemical Co. The development of 
the process for growing large size crystals and the 
production of these synthetic crystals commer- 
cially are among the Harshaw Laboratory's im- 
portant contributions to science. 


Rigid control of all steps in the manufacturing 
process assures a uniform product of lasting 
quality. 

Sodium Chloride Silver Chloride Cesium Bromide 


Potassium Bromide Calcium Fluoride Cesium lodide 
Potassium Chloride Lithium Fluoride Thallium Bromide 





Potassium lodide Barium Fluoride lodide 
Your D., q ob for 7, heni, I Ace. and 
Price Q: ions are Wel d 





THE HARSHAW CHEMICAL COMPANY 
1945 East 97th Street, Cleveland 6, Ohio 
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OPTICAL CRYSTALS 


























@ Write for our 
free 32-page 
booklet “Harshaw 
Synthetic Optical 
Crystals” 
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Mar., 620; 26 Apr., 860; 7 June, 1172; 2 
Aug., 232; 27 Sept., 632 
Bausch & Lomb Optical Co. 

1957: 12 Apr., 678; 26 Apr., 786; 16 
Aug., 286 
Edmund Scientific Co. 

1957: 4 Jan., 32; 1 Feb., 204; 1 Mar., 
412; 5 Apr., 660; 3 May, 896; 7 June, 
1166; 12 July, 89; 2 Aug., 222; 6 Sept., 
466; 4 Oct., 667 
United Scientific Co. : 

1956: 26 Oct., 747; 7 Dec., 1113 

1957: 29 Mar., 575 


MICROSCOPES, STUDENT 


Edmund Scientific Corp. 

1956: 26 Oct., 842; 23 Nov., 1046; 7 
Dec., 1158 

1957: 5 Apr., 660; 3 May, 896 
Graf-Apsco Co. 

1957: 1 Feb., 207; 8 Mar., 463; 22 
Mar., 570; 5 Apr., 663; 19 Apr., 759; 3 
May, 897; 10 May, 946; 24 May, 1058; 
31 May, 1106; 13 Sept., 523; 4 Oct., 661 
Leitz, E., Inc. 

1956: 7 Dec., 1105 

1957: 15 Feb., 257; 2 Aug., 188; 16 
Aug., 284; 30 Aug., 423 
Olympus Optical Instrument Co. 

1956: 26 Oct., 760 


MICROTOMES AND ACCESSORIES 
Aloe, A. S., Co., Aloe Scientific Div. 


1957: 1 Mar., 378; 7 June, 1167; 5 
July, 46; 4 Oct., 660 


Brinkmann, C. A., & Co., Inc. 
1957: 8 Feb., 245; 6 Sept., 471 
Erb & Gray Scientific 
1957: 30 Aug., 415; 18 Oct., 761 
Monroe Microscope Service 
1957: 27 Sept., 624 
Research Specialties Co. 
1956: 26 Oct., 857; 30 Nov., 1099 
1957: 4 Jan., 35; 8 Mar., 426; 26 Apr., 
854; 21 June, 1257 
Sorvall, Ivan, Inc. 
1956: 26 Oct., 844; 7 Dec., 1117 
1957: 26 Apr., 858; 23 Aug., 375 


MIXERS 


Fisher Scientific Co. 
1957: 19 July, 134 
Lourdes Instrument Corp. 
1956: 26 Oct., 762 
Sorvall, Ivan, Inc. 
1956: 7 Dec., 1117 
1957: 15 Feb., 256; 21 June, 1224 


MOISTURE DETERMINATORS 


Central Scientific Co. 
1956: 26 Oct., 742 
1957: 8 Mar., 467 


MONOCHROMATORS 


Bausch & Lomb Optical Co. 

1957: 10 May, 914; 5 July, 10; 13 Sept., 
484 
Farrand Optical Co., Inc. 

1957: 15 Mar., 522; 7 June, 1118 





ascor pioneers speedlight research 
for science, medicine and industry 


CASE HISTORY 107 





CASE HISTORY 108 





CASE HISTORY 109 


inuous Light Adapter 
rlight Sing 408 Macrophotography 


asco ‘ 
for Photomicrog 


The M403 Continuous Light 
Adapter permits use © the 
same flash tube both -~ ‘ 
continuous, adjusta! “3 
viewing light and as a high- 
owered instantanee ee 
flash for the otemt ic 
exposure. The M403 also 
enables pa ade 
work as it may be adjusted 
to flash repetitively an 4 
to 120 flashes per secon - 
is also ideally suited 4 
phase contrast and is er 
with standard Ascor “ 
units and power supplies. 








ical applica- 
i Dept. $ for technica 
pease es let us show you SS ee 
403 Adapter can best be — 
your individual lighting requirements. 





Photovolt Corp. 

1956: 14 Dec., 1184 

1957: 1 Feb., 205; 15 Mar., 517; 26 
Apr., 851; 24 May, 1053; 28 June, 1309; 
26 July, 179; 23 Aug., 332 


NEPHELOMETERS 


Coleman Instruments, Inc. 

1956: 23 Nov., 1044 

1957: 12 Apr., 707; 27 Sept., 625 
Klett Manufacturing Co. 

1956: 16 Nov., 997; 28 Dec., 1306 

1957: 8 Feb., 247; 22 Mar., 567; 3 May, 
897; 14 June, 1218; 26 July, 177; 6 Sept., 
462; 18 Oct., 761 


NITROGEN ANALYZER 


Aloe, A. S., Co., Aloe Scientific Div. 
1956: 26 Oct., 768 

Custom Engineering '& Development Co. 
1956: 26 Oct., 863 


OILS 


Biddle, James G., Co. 
1956: 14 Dec., 1227 
1957: 8 Mar., 461; 13 Sept., 524 


OPTICAL CRYSTALS 


Isomet Corp. 
1957: 26 Apr., 839 


OSCILLOSCOPES 


American Electronic Laboratories 

1957: 6 Sept., 466 
Hickok Electrical Instrument Co. 

1957: 13 Sept., 523 
Hughes Products 

1957: 3 May, 865; 5 July, 5 
Sanborn Co. 

1957: 15 Mar. 473; 12 Apr., 676; 5 
July, 7; 2 Aug., 186; 30 Aug., 378; 27 
Sept., 592 
Stoelting, C. H., Co. 

1957: 6 Sept., 464; 20 Sept., 578; 4 
Oct., 665 


OVENS 


Central Scientific Co. 
1956: 26 Oct., 743 
1957: 5 Apr., 622 

Research Equipment Corp. 
1956: 7 Dec., 1171 

Schaar and Co. 

1957: 19 Apr., 763 

Thomas, Arthur H., Co. 
1957: 14 June, 1220 


PERIODIC CHART OF THE ATOMS 
Welch, W. M., Manufacturing Co. 

1957: 5 Apz., 661; 26 July, 183 
PETRI DISHES 
Standard Scientific Supply Corp. 

1957: 26 Apr., 850; 14 June, 1175 
pH INDICATORS 


Cambridge Instrument Co., Inc. 
1957: 15 Feb., 315 

Eastman Kodak Co. 
1957: 8 Feb., 216 
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Adams AUPETTE® 


The Modern Way to Dispense 
Predetermined Volumes 
Simply, Easily and Accurately 








This unique device will deliver predetermined quantities 

of liquid—repeatedly—without resetting or remeasuring. 

The AUPETTE is a great time saver in routine tests or 
procedures wherever a given volume of liquid is to be | 
dispensed again and again. Changing the desired volume | 
is a simple matter of moving 2 locking nuts. 

The Adams AUPETTE comes in three sizes of 10cc, 

5 cc, or 1 cc capacity. The two larger sizes are calibrated 

in 1/5 cc; the latter, in 1/100 cc (for micro work). 

Each AUPETTE is accurate to +1.5% with liquids of 

water consistency. 


AUPETTE syringes are standard types (for easy 
replacement) and each of the three syringe sizes can be 
used interchangeably in every AUPETTE by means 

of nylon adapters. 

AUPETTE® is priced at $22.50 (10 cc and 5 cc) and 
$25.20 (1 cc) at your local supply dealer. 


Cla A tom New York 10 





Pat. Nos. 2,792,157 
and 2,798,647 





LITTLE, BROWN Medical Books Keep Pace With 


LATEST ADVANCES in MEDICAL SCIENCE 





BODY WATER IN MAN 


Strauss 


A scholarly presentation by Maurice B. Strauss, 
M.D., which sheds new light on the acquisition and 
maintenance of body fluids in man. Some of the 
subjects dealt with are: thirst—the acquisition of 
water; appetite — the acquisition of salt; renal ex- 
cretion of water; role of change in volume of body 
fluids in determining the renal excretions of sodium 
— salt and water. This book affords the student of 
this fundamental and absorbing field of physiology 
a background for comprehending the complex in- 
terrelationship which characterizes this field of 
study. 31 illustrations. $7.00 


HEPATITIS FRONTIERS 


Henry Ford Hospital International Symposium 


A comprehensive, organized guide to current knowl- 
edge and management of viral hepatitis. 70 experts 
contribute their latest research and clinical findings. 
Some of the subjects covered are: physiology and 
pathology, etiology and epidemiology, blood donor 
and storage problems, chemical and physical agents 
used in prevention. Illustrated. 616 pages. $12.50 


At your medical bookstore or order from 


LITTLE, BROWN & COMPANY - 34 Beacon St., Boston 6, Mass. 





THE NEW RSCO 





AUTOMATIC 


FRACTION COLLECTOR 


Chech these Features f 


VERSATILITY 
@ Metering by Volumetric Siphoning, Timing 
or Drop Counting 


@ Operation with multiple columns or with 
single column and swivel funnel 


@ 24” and 15” diam Turntables accommodating 
90 to 500 tubes of 10 to 25 mm diam 
RELIABILITY 
@ Positive indexing system 
@ Funnel drains into output container at end of run 


Write for 
Bulletin 1205-A 
or contact your 
authorized 
RSCo Dealer 





@ Automatic stop accessory turns off columns at end of run 


®@ Motor and drive mechanism sealed against moisture 


@ Cast aluminum base with rigidly attached stainless steel column support rods for assured permanent alignment 


SPACE ECONOMY 


@ Plug-in control units for Timing and Drop Counting require no added bench space 
@ Total required bench space 24” x 34” with 24” Turntables, 15” x 25” with 15” Turntables 








Reco division of 


RST 
WE RESEARCH SPECIALTIES CO. 


PRICES FROM $435.00 





beanie eniallilll 
2005 HOPKINS ST. 
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Photovolt Corp. 
1957: 6 Sept., 464; 20 Sept., 577; i1 
Oct., 716 
Polorad Electronics Corp., Scientific In- 
struments Div. 
1956: 26 Oct., 750; 16 Nov., 1003 
1957: 7 June, 1161 
Scientific Glass Apparatus Co., Inc. 
1957: 25 Jan., 172; 22 Feb., 366 


PHOTOGRAPHIC EQUIPMENT 


Eastman Kodak Co. 

1956: 7 Dee., 1159 

1957: 8 Mar., 424; 3 May, 895; 7 June, 
1159 


Polaroid Corp. 
1957: 19 July, 98-99; 16 Aug., 282- 
283; 27 Sept., 589 


PHOTOMACROGRAPHIC 
EQUIPMENT 


American Optical Co., Instrument Div. 
1956: 14 Dec., 1228 
1957: 18 Jan., 136; 15 Feb., 324; 24 
May, 1060; 30 Aug., 424 
American Speedlight Corp. 
1957: 5 Apr., 662; 17 May, 1000; 21 
June, 1261; 26 July, 178 
Will Corp. 
1957: 26 Apr., 841 





HEADQUARTERS 


SCIENTIFIC GLASS SPPaRATUs Co..INc. 


BLOOMFIELD - NEW JERSEY 
INSTRUMENTS - CHEMICALS - GLASSWARE 


LABORATORY APPARATUS 











PHOTOMETERS 


Biddle, James G., Co. 
1957: 10 May, 947 
Farrand Optical Co., Inc. 
1957: 10 May, 945; 9 Aug., 279 
Fisher Scientific Co. 
1957: 18 Jan., 130; 15 Mar., 518 
Jarrell-Ash Co. 
1956: 26 Oct., 764 
Kahl Scientific Instrument Corp. 
1957: 11 Oct., 710 
Standard Scientific Supply Corp. 
1956: 30 Nov., 1054 


PHOTOMETERS, EXPOSURE 


Brinkmann Instruments, Inc. 

1956: 30 Nov., 1056 

1957: 17 May, 1010 
Photovolt Corp. 

1956: 2 Nov., 870 

1957: 18 Jan., 129; 15 Feb., 307; 22 
Mar., 567; 19 Apr., 759; 17 May, 1007: 
21 June, 1259; 19 July, 137; 16 Aug., 
323; 13 Sept., 529 


PHOTOMICROGRAPHIC 
EQUIPMENT 


American Optical Co., Instrument Div. 

1956: 14 Dec., 1228 

1957: 18 Jan., 136; 15 Feb., 324; 24 
May, 1060; 30 Aug., 424 
American Speedlight Corp. 

1957: 5 Apr., 662; 17 May, 1000; 21 
June, 1261; 26 July, 178 
Bausch & Lomb Optical Co. 

1957: 29 Mar., 578; 26 Apr., 786; 3 
May, 900; 10 May, 914; 4 Oct., 667; 11 
Oct., 682 
Brinkmann Instruments, Inc. 

1956: 30 Nov., 1056 

1957: 22 Feb., 330; 15 Mar., 510; 17 
May, 1010 
Leitz, E., Inc. 

1957: 27 Sept., 588; 11 Oct., 676 
Photovolt Corp. 

1956: 2 Nov., 870 

1957: 18 Jan., 129; 15 Feb., 307; 22 
Mar., 567; 19 Apr., 759; 17 May, 1007; 
21 June, 1259; 19 July, 137; 16 Aug., 
323; 13 Sept., 529 
United Scientific Co. 

1956: 26 Oct., 747; 7 Dec., 1113 

1957: 29 Mar., 575; 27 Sept., 587 
Will Corp. 

1957: 26 Apr., 841 
Zeiss, Carl, Inc. 

1956: 7 Dec., 1114 c 

1957: 4 Jan., 39; 26 July, 150; 6 Sept., 
426 


PIPE HEATERS 


Standard Scientific Supply Corp. 
1957: 29 Maz., 613 


PIPETTES AND ACCESSORIES 


Brinkmann Instruments, Inc. 

1956: 16 Nov., 960 
Clay-Adams, Inc. 

1957: 25 Jan., 140; 24 May, 1018 
Corning Glass Works 

1957: 6 Sept., 432 
Delmar Scientific Laboratories 

1957: 18 Jan., 134; 15 Feb., 315; 19 
Apr., 757 
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MULTI-CHANNEL 
OSCILLOGRAPH 


This new concept in direct writing Polygraphs provides 
a building block method enabling users to assemble 
multi-channel recording 


systems of unusual 
flexibility and low cost. 
Electrical, pneumatic 
and mechanically 
actuated pen writers 
can be intermixed 





to achieve the best 
arrangement for 
any recording 
problem. Sensing 
devices, amplifiers, 
events markers, 
timers and other 
auxiliary devices 
are also available. 


LOW IN PRICE 


C.H. STOELTING COMPANY 
Write for Additional Information 


424 N. HOMAN AVE., CHICAGO 24, ILLINOIS 








Senin 





NEW 


Rotary Microtome 


with Freezing Attach- 
ment by JUNG at 
LESS MONEY. 


Fully guaranteed & 
recommended based on 
our 8 yrs. Microtome re- 
pair experience. 


1 to 40 Microns Sections 


Microtome, $584.80 — Knife, $26.70 
Freezing Chamber, $52.00 


NEW LEITZ COLOR PHASE 


Contrast Accessories giving more distinction 
NOT EXPENSIVE — ADAPTABLE TO 
MOST MICROSCOPES 


BOTH ITEMS AVAILABLE FOR 
IMMEDIATE DEMONSTRATION 


Monroe Microscope Service 


P.O. Box 656 
Rochester 2, N.Y. 
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A NEW PAIR! 
CHROMATOFUGE* 


Accelerated Chromatography 


ELECTRO-CHROMATOFUGE* 


Continuous or Curtain Electrophoresis 





SEPARATION OF AMINO ACIDS, PROTEINS, BLOOD SERUM, DYES, 
INORGANIC IONS, ETC. IN MINUTES INSTEAD OF HOURS. 


The CHROMATOFUGE which applies centrifugal acceleration to 
paper chromatography is one of the most significant advances in 
technique to appear in this field. By spinning the medium during 
development, it is a simple matter to increase the force along the 
axis of development — normally one gravity — by a factor of 100, 
thus reducing the time required for development from hours to 
minutes. This marked reduction in development period precludes 
many of the difficulties normally associated with this technique e.g. 
drying, excessive diffusion, chemical decomposition, temperature 
control, and just plain waiting. 


The ELECTRO-CHROMATOFUGE incorporates all of the above 
features plus complete control of the electrical field. Thus the 
electrical field or the centrifugal field can be varied as desired. 
This enables the scientist to run continuous or intermittent electro- 
phoretic separations, and at an accelerated pace. 

*Patents Pending 


References: 


Proceeding of the Chemical Society (London) 
1957 — Page 23 


Naturwissenschaften 44 
1957 — Page 9 
Chromatographic Methods 2 


1957 — Page 1, No. 1 






For details write for 
descriptive Bulletin 5060. 





3070-82 West Grand Avenue 
Chicago 22, Illinois 





INC. . : 
Over 40 Years Experience in 
the Laboratory Apparatus Field 





Instrumentation Associates 

1957: 26 Apr., 840 
Microchemical Specialties Co. 

1956: 2 Nov., 905; 21 Dec., 1265 

1957: & Mar., 465; 19 Apr., 761; 24 
May, 1057; 5 July, 45; 16 Aug., 325 
Nalge Co., Inc. 

1956: 26 Oct., 843 

1957: 16 Aug., 320; 20 Sept., 574 
Phipps & Bird, Inc. 

1957: 24 May, 1053; 31 May, 1101 
Research Specialties Co. 

1956: 16 Nov., 994; 14 Dec., 1184 

1957: 18 Jan., 92; 15 Mar., 512; 31 
May, 1103; 12 July, 89; 13 Sept., 530 
Standard Scientific Supply Corp. 

1957: 19 July, 132 


Thomas, Arthur H., Co. 
1957: 15 Feb., 254; 8 Mar., 468 


POLARIMETERS 


Fish-Schurman Corp. 
1956: 26 Oct., 766; 7 Dec., 1165 
1957: 15 Feb., 262; 26 Apr., 854 
Rudolph, O. C., & Sons 
1956: 26 Oct., 861 
Zeiss, Carl, Inc. 
1957: 22 Mar., 571 


POLAROGRAPHS 


Sargent, E. H., & Co. 
1957: 26 Apr., 782 
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provides all of the 
advantages of liquid 
scintillation counting 


@ sensitivity @ simplicity of operation 
@ versatility @ ease of sample preparation 


P l U $ K completely automatic operation up to 100 samples 


Counting Tritium, Carbon-14, and other beta emitting 
isotopes by the Tri-Carb Liquid Scintillation Spectrom- 
eter Method offers many advantages over older 
methods such as Geiger and proportional counting. 


Sensitivity can be shown by noting one extreme condi- 
tion: natural radiocarbon dating can be extended be- 
yond 40,000 years. 


Simplicity of operation can be shown by the other ex- 
treme: hundreds of moderately active samples can be 
counted daily. 


Versatility is indicated by the fact that this is a method 
of spectrometry. Pulse height analysis permits selection 
of the most favorable sample and background condi- 
tions. Also, two or more beta emitting isotopes of dif- 
ferent energies can be selectively counted in a single 
sample. 





Ease of sample preparation is one of the most popular 
features. Besides samples that are readily soluble in 
toluene, such things as aqueous samples, carbon dioxide, 
and alii ie ineclable solid samples can also be 
counted. 


Important to present and prospective users of 
Tri-Carb Spectrometers: 
The automatic sample handling 
equipment and the printing readout 
are both designed to be compatible 
with all Tri-Carbs. Thus existing 
models, as well as all new manual 
models, can be converted to automatic 
operation at any time in the future. 


Automation now further enhances the advantages of the 
Tri-Carb Method. Up to 100 samples can be handled 
completely automatically, with the original data ac- 
curately and permanently recorded on paper tape. The 
instrument can be utilized to the fullest extent—24 
hours per day—without consuming valuable staff time. 











ackard/Instrument Company 





DEPT. 4+ P.O. BOX 428 + LA GRANGE, ILLINOIS 











POTENTIOMETERS 


Sargent, E. H., & Co. 
1957: 17 May, 958 

Varian Associates, Instrument Div. 
1957: 27 Sept., 590 


POWER PACKS 


Electronic Measurements Co., Inc. 
1957: 27 Sept., 625 


PROJECTORS 


American Optical Co., Instrument Div. 
1957: 10 May, 956 
Bausch & Lomb Optical Co. 
1956: 26 Oct., 772 
1957: 29 Mar., 578; 3 May, 900; 6 
Sept., 461; 4 Oct., 667; 11 Oct., 682 
Eastman Kodak Co. 
1957: 6 Sept., 429 
Stoelting, C. H., Co. 
1957: 17 May, 1007 
Zeiss, Carl, Inc. 
1957: 4 Jan., 39; 28 June, 1316 


PSYCHROMETERS 


Central Scientific Co. 
1957: 8 Feb., 215 


PUMP PLATE 


Central Scientific Co. 
1957: 7 June, 1119 


PUMPS 


Biddle, James G., Co. 

1957: 8 Feb., 247; 12 July, 94 
Central Scientific Co. 

1956: 26 Oct., 742; 14 Dec., 1182 

1957: 19 Apr., face 740 
Harvard Apparatus Co., Inc. 

1957: 12 Apr., 672; 20 Sept., 578 
National Research Corp., NRC 
Equipment Div. 

1956: 26 Oct., 832 

1957: 22 Feb., 367; 6 Sept., 462 
Phipps & Bird, Inc. 

1957: 7 June, 1170; 14 June, 1214; 11 
Oct., 715 
Smith, Arthur F., Co. 

1957: 27 Sept., 593 
Standard Scientific Supply Corp. 

1956: 9 Nov., 915 
Welch, W. M., Manufacturing Co. 

1957: 1 Mar., 415; 2 Aug., 227 


PYROMETERS 


Thermo Electric Manufacturing Co. 
1957: 24 May, 1055; 16 Aug., 319 


RADIATION COUNTERS 


Biddle, James G., Co. 
1957: 18 Jan., 134; 10 May, 947 
Borg-Warner Corp.; BJ Electronics 
1957: 18 Oct., 763 
Cambridge Instrument Co., Inc. 
1956: 26 Oct., 766 
Nuclear Corporation of America, Inc., 
NRD Instrument Co. 
1957: 21 June, 1227 
Nuclear Instrument and Chemical Corp. 
1956; 26 Oct., 755 
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1957: 25 Jan., 165: 19 Apr., insert; 27 
Sept., 586 
Packard Instrument Co. 
1956: 26 Oct., 837; 7 Dec., 1162 
1957: 15 Feb., 319; 10 May, 948; 7 
June, 1158 
Philips Electronics, Inc., Instruments Div. 
1957: 11 Oct., 719 
Tracerlab, Inc. 
1957: 25 Jan., 188; 22 Feb., 371; 19 
Apr., 764; 17 May, 1011; 12 July, 52: 9 
Aug., 235; 6 Sept., 472 


RADIATION RESEARCH 
EQUIPMENT 


Blickman, S., Inc. 
1957: 15 Feb., 323 
Borg-Warner Corp., BJ Electronics 
1957: 18 Oct., 763 
Nuclear-Chicago Corp. 
1957: 19 Apr., insert 
Packard Instrument Co. 
1957: 10 May, 948 
Tracerlab, Inc. 
1957: 22 Mar., 530; 17 May, 1011 


RARE EARTHS 


Lindsay Chemical Co. 

1957: 18 Jan., 90; 15 Mar., 523; 26 
Apr., 778; 17 May, 960; 19 July, 102; 
20 Sept., 540 


RECORDERS, GRAPHIC 


Moseley, F. L., Co. 

1957: 12 Apr., 710 
Photovo!'t Corp. 

1957: 20 Sept., 577; 11 Oct., 716 
Sargent, E. H., & Co. 

1957: 26 Apr., 782; 17 May, 958 
Stoelting, C. H., Co. 

1957: 3 May, 906; 21 June, 1255; 6 
Sept., 464; 20 Sept., 578; 4 Oct., 665 
Varian Associates, Special Products Div. 

1956: 30 Nov., 1095; 14 Dec., 1224 

1957: 7 June, 1117; 5 July, 4; 27 Sept., 
590 


RECORDING EQUIPMENT, 
BIOPHYSICAL 


American Electronic Laboratories, Inc. 

1957: 6 Sept., 466; 13 Sept., 480 
American Hospital Supply Corp., 
Scientific Products Div. 

1956: 26 Oct., 756 
Gilson Medical Electronics 

1957: 14 June, 1210 
Phipps & Bird, Inc. 

1957: 26 Apr., 851; 3 May, 903 
Sanborn Co. 

1957: 15 Mar., 473; 12 Apr., 676; 10 
May, 955; 7 June, 1114; 5 July, 7; 2 Aug., 
186; 30 Aug., 378; 27 Sept., 592 
Yellow Springs Instrument Co., Inc. 

1956: 26 Oct., 840 

1957: 15 Feb., 306 


REFRACTORS 
Laszlo, S. E. 

1957: 18 Jan., 92; 15 Feb., 322 
RHEOSTATS 


Biddle, James G., Co. 
1957: 12 Apr., 714 
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clinical 4 chemistry 





Provides known values for: Creatinine Protein-bound lodine _Total Protein 


Chloride Phosphorus, inorganic Potassium 
Cholesterol Non-Protein Nitrogen Sodium 
Calcium Urea Nitrogen Uric Acid 


NOT A SYNTHETIC—prepared from freshly drawn human blood 


ACCURATE AND STABLE—each production lot assayed by 3 independent 
laboratories. The 12 components consistently found reproducible 
and stable are charted for each lot. 


Available in 5 cc. vials, 6 per box 


HVLAND LABORATORIES 
4501 Colorado Bivd., Los Angeles 39, Calif. © 252 Hawthorne Ave., Yonkers, N.Y. 








_ wicroscoPe 
_ PROJECTOR 
_ COMPARATOR 
te CAMERA 
FOR — 
e@ Instant Micro-Photography 


@ Instant Macro-Photography 
e@ Uses Polaroid Adaptor or Film-Pack 


FEATURES — 
e@ Compact—Versatile 
@ Precision Optics and Components 
quickly interchangeable .. . ae : 4 


NO. 4014 


@ Magnification range 7x to 2000x 

@ Illumination by built-in. . . 
Surface and Transmitted Light 
INDISPENSABLE IN THESE FIELDS: 


Metals ¢ Instruments « Watches « Medical 
Textiles ¢ Chemicals ¢ Bacteriology 


WRITE FOR DETAILED DATA BROCHURE 


ALFRED HOFMANN & CO. 


629-635 FIFTY-NINTH STREET 
WEST NEW YORK « NEW JERSEY 











ROTATORS 


Clay-Adams, Inc. 
1957: 5 Apr., 666; 28 June, 1313; 20 


Central Scientific Co. 
1956: 26 Oct., 742 
Clay-Adams, Inc. 
1957: 5 Apr., 666; 28 June, 1313; 20 


Sept., 571 Sept., 571 
Eberbach Corp. 
1956: 2 Nov., 870; 16 Nov., 960 
SCALES 


Fisher Scientific Co. 

1957: 19 July, 134 
New Brunswick Scientific Co. 

1956: 26 Oct., 853; 30 Nov., 1056; 28 
Dec., 1274 

1957: 11 Jan., 44; 22 Feb., 367; 8 Maz., 
426; 12 Apr., 714; 10 May, 945; 7 June, 
1161; 21 June, 1266; 13 Sept., 532; 11 
Oct., 678 


Welch, W. M., Manufacturing Co. 
1957: 5 July, 6 


SHAKERS - 


Blue M Electric Co. 
1957: 10 May, 950 





py od od 7 4 HD) 
LABORATORY EQUIPMENT. 


IN STAINLESS STEEL 
TRANSPARENT PLASTIC 
OR NEW EPOXY FIBERGLASS 






CONTROL HOOD FOR 
STUDENT DEMONSTRATION 
OR PRODUCTION 


BACTERIOLOGICAL 
TRANSFER HOODS 


HUMID CHAMBER 


% 
pf Write for Free Literature 


P. M. LENNARD CoO., INC. 


1 HANSON PLACE, BROOKLYN 17, STERLING 9-2420 





Booth #404 at the trade fair of the atomic industry 
COLISEUM, NEW YORK CITY OCTOBER 28 - 31,1957 


d 








Research Specialties Co. 
1956: 9 Nov., 914; 7 Dec., 1161 
1957: 11 Jan., 81; 5 Apr., 663; 24 May, 
1058; 26 July, 177; 2 Aug., 225; 16 Aug., 
Sen 
Schaar and Co. 
1957: 4 Oct., 661 
Standard Scientific Supply Corp. 
1957: 25 Jan., 166 


SKELETON, MODEL 


Welch, W. M., Manufacturing Co. 
1956: 7 Dec., 1118 
1957: 7 June, 1161; 4 Oct., 663 


SPECTROMETERS 


Biddle, James G., Co. 
1957: 18 Jan., 134 
Ealing Corp. 
1956: 26 Oct., 768 
Farrand Optical Co., Inc. 
1957: 7 June, 1118 
Jarrell-Ash Co. 
1956: 26 Oct., 764 
Kahl Scientific Instrument Corp. 
1957211 Oct. 710 
Nuclear Instrument and Chemical Corp. 
1956: 26 Oct., 755 
1957: 22 Mar., 527 
Packard Instrument Co. 
1956: 26 Oct., 837; 7 Dec., 1162 
1957: 15 Feb., 319; 15 Mar., 513; 10 
May, 948; 7 June, 1158; 27 Sept., 624 
Perkin-Elmer Corp., Instrument Div. 
1957: 22 Mar., 572 
Tracerlab, Inc. 
1956: 26 Oct., 759 
1957: 14 June, 1177 
Varian Associates, Instrument Div. 
1956: 28 Dec., 1307 
1957: 25 Jan., 142; 22 Feb., 327; 22 
Mar., 528; 12 Apr., 675; 24 May, 1016; 
21 June, 1267; 26 July, 146; 16 Aug, 
327; 27 Sept., 631 


SPECTROPHOTOMETERS AND 
ACCESSORIES 


Applied Physics Corp. 

1957: 15 Feb., 260 
Beckman Instruments, Inc., Scientific 
Instrument Div. 

1956: 26 Oct., 753 

1957: 8 Mar., 423; 17 May, 964; 7 
June, 1171; 13 Sept., 479 
Biddle, James G., Co. 

1957: 10 May, 947 
Coleman Instruments, Inc. « 

1957: 15 Feb., 316; 24 May, 1055; 14 
June, 1218; 13 Sept., 526; 11 Oct., 710 
Perkin-Elmer Corp., Instrument Div. 

1956: 16 Nov., 995; 7 Dec., 1179 

1957: 1 Feb., 211; 8 Mar., 422; 31 May, 
1066; 7 June, 1112; 2 Aug., 231 
Standard Scientific Supply Corp. 

1956: 30 Nov., 1054 
Thomas, Arthur H., Co. 

1957: 9 Aug., 280 
Zeiss, Carl, Inc. . 

1957: 15 Feb., 265; 23 Aug., 334 


STERILIZERS 


Castle, Wilmot, Co. 

1957: 15 Feb. 314; 26 Apr., 842; 21 
June, 1258 
Standard Scientific Supply Corp. 

1956: 7 Dec., 1112 
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KIPP & ZONEN 


Specialized Scientific Instruments 


Moll Microphotometers 
¢ Monochromotors 


Von Cittert Doubl 


Mirror Spectrometer F/6 wale 


Kipp & Zonen, of Holland, are world-renowned manufac- 
turers of precision laboratory equipment. Represented in 
the United States exclusively by the James G. Biddle Co. 


Nrite for REVIEW 54-S 


JAMES G. BIDDLE CO. 


Electrical & Scientific Instruments 


1316 ARCH STREET, PHILADELPHIA 7, PA. 














Evaporate Multiple Fraction Cuts DIRECTLY 
from Test-tube in 10—20 minutes 


THERMOMETER 





BLEEDER 
‘STOPCOCK 


SHuT-ore CONNECTING 
sToPcocK POLYETHYLENE 


TUBES AND CAPS 


THE 


Send for 
Bulletin 
3-2000 





ENAMEL-LINED 
CAST ALUMINUM POWER 
BATH SWITCH 


PILOT LIGHT ADJUSTABLE 
VIBRATION TEST-TUBE 
CONTROL YOKE 


FEATURES! 

1. Simultaneously evaporates 10 moregulator, and dial ther- 
test-tubes, 16-20 mm dia. x mometer. : 
150 mm long. 4. Connects to —_ Rn ows 

: . for vacuum. Furnis' wit 

2. Controlled vibration prevents 

: : : shut-off and bleeder stop- 
bumping during heating. cocks. 

3. Temperature range from - 73° 5. Dimensions: 9 18” 

to 200°C. Controls include 


”" wide, 
high, and 16” long. Weight: 
500 watt heater, Fenwall ther- 35 Ibs. 


LABORATORY GLASS AND INSTRUMENT CORP. 
514 W. 147th St., New York 31, N.Y. 





ORAIN COCK 














NEW EQUIPMENT for 
RESEARCH and CLINICAL 
APPLICATION 


INTRACARDIAC 
PHONOCATHETERS 


and Accessories 


TRUE CUVETTE 
OXIMETERS 


AMERICAN ELECTRONIC 
LABORATORIES, INC. 
121 N. 7th ST., 





PHILADELPHIA 6, PENNA. 








A Sturdy All-Purpose Variable 
Speed Shaker Designed for the 
Laboratory Bench, Cold-Room 
or Refrigerator 


THE 
LAB GLASS 


OMNI- 
SHAKER 





MICRO AND 
EQUILIBRIUM | 


SHORT DIALYSIS | } 
TEST-TUBES | 
» 


ciel 
! ) VJ : 


SEPARATORY CONTINUOUS- THIN-LAYER | 














RUBBER GLASS SCREW LON 
| sorvenco STOPPERED cap TEST-TUBES FUNNELS FLOW- DIALYSIS DIALYSIS. 


Send for Bulletin 2-3000 


LABORATORY GLASS AND INSTRUMENT CORP. 
514 W. 147th St., New York 31, N.Y. 
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Fluorometric Analysis 


For rapid precise analysis of compounds #” 
susceptible to fluorometric measurement... & a 
Vitamins, Quinine, Atabrine, Porphyrins, Steroids “i , 


and metal complexes. 


¥ 


Sensitive to low intensity fluorescence 
and to low concentrations. AC operated, 


no-drift circuit. Only 3 simple controls; 


direct reading. ... Only $475.00. 





Ask for: 

“Coleman Tools for Science,” . 
contains useful discussions of 
nephelometry andothermod- “™ 
ern analytical technics. ' 


te. We 


Dept. S. Coleman Instruments, Inc., Maywood, Ill. 








NEW | 
Mic-0- Lite | 
for 
Shadowless 


e Inspection e Investigation @ Research 


Mic-O-Lite is a cold light ring source 
designed especially to produce “shad- 
owless” illumination on small objects, 
parts or specimens. It is an ideal source 
for visual inspection under magnifica- 
tion, but is primarily designed for low 
power microscopic inspection and pho- 
tography in the industrial, scientific 
and research fields. 

Mic-O-Lite features a “ring light” 
2%” in diameter. A doughnut type 
aluminum reflector which snaps onto 
the lamp provides a 114” aperture in 
the center through which the micro- 
scope or camera lens is focused. 

A variety of interchangeable lamps 
including warm white, daylight white, 
blue, “Black Light” and germicidal are 
available. 


Write for descriptive sheet. 


Special cold cathode shapes and colors fab- 
ricated to specification for scientific and in- 
dustrial applications. Spectral energy may 
be matched to photo cell sensitivities where 
required. Inquiries invited. 


ARTISTO GRID LAMP PRODUCTS INC. 
65 Harbor Rd., Port Washington No., L.i., N.Y. 
886 





CARR SR Bee lie on oe 


I; you are in favor of a reinterpre- 
tation of problems of human life on 
a naturalistic, humanitarian basis 
freed of dogmatic ideologies, 


you may wish to become acquainted 
with THE HUMANIST; 2 bi- 
monthly journal regularly 50¢ a 
copy. 


A special subscription offer of 6 
months (3 issues) for $1.00 is being 
extended to you by the Humanist 
Advance Committee, 


including H. J. Muller, Chairman; 
G. Brock Chisholm, Vice Chair- 
man; C, Judson Herrick, Julian 
Huxley, Chauncey D. Leake, Ber- 
trand Russell, Gerald Wendt, and 
others. 


The Humanist Advance Committee 
Box 227 — Yellow Springs, Ohio 





STILLS 
Smith, Arthur F., Co. 
1957: 4 Oct., 664 


STIMULATORS 


American Electronic Laboratories, Inc. 
1957: 4 Jan., 6; 18 Jan., 95; 6 Sept., 
466 


STIRRERS 


Ace Glass, Inc. 
1957: 10 May, 948 
Central Scientific Co. 
1956: 26 Oct., 742 
Fisher Scientific Co. 
1957: 19 July, 134 


SYRINGE DRIVERS 


Phipps & Bird, Inc. 
1957: 21 June, 1255; 28 June, 1311; 
27 Sept., 621; 18 Oct., 764 


TELESCOPES 


Edmund Scientific Corp. 

1956: 26 Oct., 842; 23 Nov., 1046; 7 
Dec., 1158 

1957: 4 Jan., 32; 1 Feb., 204; 1 Mar., 
412; 5 Apr., 660; 3 May, 896; 7 June, 
1166; 12 July, 89; 2 Aug., 222; 6 Sept., 
466; 4 Oct., 667 
Fecker, J. W., Inc. 

1957: 5 July, 40; 2 Aug., 224; 16 Aug., 
322; 30 Aug., 414; 27 Sept., 622; 4 Oct., 
662; 11 Oct., 714 
United Scientific Co. 

1956: 16 Nov., 994; 30 Nov., 1095; 7 
Dec., 1172; 14 Dec., 1184 

1957: 28 June, 1309 


THERMOMETERS 


Ace Glass, Inc. 
1957: 12 Apr., 707 
Sargent, E. H., & Co. 
1957: 22 Feb., 372 
Yellow Springs Instrument Co., Inc. 
1956: 26 Oct., 840 
1957: 15 Feb., 306 


TIMERS 


Standard Scientific Supply Corp. 
1957: 21 June, 1256 


TITRATION EQUIPMENT 


Bach-Simpson, Ltd. 

1956: 26 Oct., 752 
Central Scientific Co. 

1956: 26 Oct., 743 
Linbro Chemical Co., Inc. 

1956: 26 Oct., 766; 9 Nov., 912 

1957: 11 Jan., 86; 15 Mar., 472; 24 
May, 1018 
Polarad Electronics Corp., Scientific 
Instruments Div. 


1956: 26 Oct., 750; 16 Nov., 1003; 7 


Dec., 1116 

1957: 7 June, 1161; 4 Oct., 668 
Sargent, E. H., & Co. 

1957: 12 July, 53 


TOOL KIT 


Standard Scientific Supply Corp. 
1956: 26 Oct., 761 
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TRANSPARENCIES 


Polaroid Corp. 
1957: 19 July, 98-99; 16 Aug., 282- 
283; 27 Sept., 589 


TUBING, PLASTIC 


U.S. Stoneware 

1956: 26 Oct., 854; 16 Nov., 992; 
14 Dec., 1221 
Nalge Co., Inc. 

1956: 16 Nov., 996 

1957: 15 Mar., 514; 19 July, 136 


VACUUM DRY BOX 


Blickman, S., Inc. 
1957: 15 Feb., 323; 23 Aug., 331 


VACUUM GAUGE 


National Research Corp., NRC 
Equipment Corp. 

1956: 26 Oct., 832 

1957: 15 Feb., 315; 6 Sept., 462 
Smith, Arthur F., Co. 

1957: 27 Sept., 593 


VALVES 


Phipps & Bird, Inc. 
1957: 15 Feb., 262 


VISCOMETERS 


Fisher Scientific Co. 

1956: 26 Oct., 835 
Polarad Electronics Corp., Scientific 
Instruments Div. 

1956: 26 Oct., 750; 16 Nov., 1003; 7 
Dec., 1116 

1957: 2 Aug., 225 


WARBURG APPARATUS 


Will Corp., Bronwill Scientific Div. 
1957: 3 May, 899; 7 June, 1165; 6 
Sept., 463 
WARING BLENDOR 
Waring Products Corp. 
1957: 15 Mar., 515; 3 May, 866 
WATER BATH 
Sargent, E. H., & Co. 
1957: 9 Aug., 234 
WAXES 


Biddle, James G., Co. 
1956: 14 Dec., 1227 
1957: 8 Mar., 461; 13 Sept., 524 


WEIGHTS 

Ainsworth, Wm., & Sons, Inc. 
1956: 5 Apr., 659 

X-RAY EQUIPMENT 


Jarrell-Ash Co. 
1956: 26 Oct., 764 
Philips Electronics, Inc., Instruments Div. 
1957: 6 Sept., 427; 20 Sept., 583; 11 
Oct., 719 


ZONE MELTING APPARATUS 


Research Specialties Co. 
1957: 27 Sept., 627 
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™ Preserve Biclogical 
| Specimens Reliably 


') and Indefinitely 
. ++ In Your Own Laboratory 





Ween 











After processing 
in an AMINCO 


FREEZE 
DRY 
Apparatus 


Samples can be stored or shipped 
in various types of ampules 499 
such as those illustrated 


U. S. Department of Agriculture 
Scientist simultaneously Freeze-dries 
100 samples of brucella abortus 
culture. 

Antibiotics, antisera, vaccines, tissue, 
bone, blood and food products are 
just a few of the materials that can 
be preserved in Aminco Freeze-dry 
instruments and stored (at room tem- 
perature) for future use. 


Three models are manufactured: 


Universal (5-7800), a complete Freeze-dry laboratory incorporating a 
special freezing compartment for shell freezing samples, and a self-contained 
refrigerating unit .... $2730. 

Laboratory (5-7810) built on a smaller scale than the Universal, designed 
for laboratories with limited floor space .... $1750 


Bench (5-7820) which takes up only 22x25x28 inches of bench space .... $896 


t 
ft 
t 
t 
t 
t 


Complete technical information contained in BULLETIN 2272-8 


AMERICAN INSTRUMENT CO., INC. 


8030 GEORGIA AVE., SILVER SPRING, MARYLAND 











ADVERTISERS APPEARING IN “THE MARKET PLACE” 
SECTION OF SCIENCE, 26 OCTOBER 1956 THROUGH 18 OCTOBER 1957 


Abrahams Magazine Service 
56 E. 13 St., New York 3, N.Y. 


Albino Farms 
P.O. Box 331, Red Bank, N.J. 


American-Lincoln Incubator Co. 
645 Somerset St., New Brunswick, N.J. 


Applied Science Laboratories, Inc. 
140 N. Barnard St., State College, Pa. 


Armer Enterprises 


Croton Falls, N.Y. 


Armour and Co., Research Div. 
Chicago 9, Il. 


Astronomy Charted 
33 Winfield St., Worcester 10, Mass. 


Autonomos Instruments 
244 E. Royal Forest Blvd., 
Columbus 14, Ohio 


Bellewood Farm 
Englishtown, N.J. 


Best’s Studio, Inc. 
Box 455, Yosemite National Park, Calif. 


Bio-Rad Laboratories 
800 Delaware St., Berkeley, Calif. 


Budd Mt. Rodent Farm 
R.R. #1, Chester, N.J. 


Canner, J. S., Inc. 
46 Millmont St., Boston 19, Mass. 


Charles River Breeding Laboratories, Inc. 


P.O. Box P, Brookline 46, Mass. 


Don Travel Service 
2308 Telegraph Ave., Berkeley 4, Calif. 


Electro-Medical Laboratory, Inc. 
South Woodstock, Vt. 


Endocrine Laboratories of Madison, Inc. 
5001 W. Beltline Highway, 
Madison 1, Wis. 


Esbe Laboratory Supplies 
459 Bloor St., W., Toronto, Canada 


Exposition Press 
386 Fourth Ave., New York 16, N.Y. 


Ficklen, Joseph B., III 
1848 E. Mountain St., Pasadena 7, Calif. 


Folkway Records & Service Corp. 
117 W. 46 St., New York 36, N.Y. 


Food Research Laboratories, Inc. 
48-14 33 St., Long Island City 1, N.Y. 


Gilson Medical Electronics (GME) 
714 Market Place, Madison 5, Wis. 


Gurley, W. & L. E. 
Troy, N.Y. 


Heffer, W., & Sons Ltd. 
Petty Curry, Cambridge, England 


Hoeltge Bros., Inc. 
1919 Gest St., Cincinnati 4, Ohio 


Holter, A. W., Hardware Co. 
113 N. Main St., Helena, Mont. 


Holtzman Rat Co. 
Route 4, Badger Lane, Madison 5, Wis. 


Hormone Assay Laboratories, Inc. 
8159 S. Spaulding Ave., Chicago 29, LIl. 


Hubbs, Charles F., and Co. 
53-01 11 St., Long Island City 1, N.Y. 


Human Factors Research Bureau 
4201 Military Rd., N.W.. 
Washington 15, D.C. 


Huntingdon Farms, Inc. 
2548 N. 27 St., Philadelphia 32, Pa. 


Immunological Specialties, Inc. 
Box 24572, Los Angeles 24, Calif. 


Isotopes Specialties Company, Inc. 
P.O. Box 688, Burbank, Calif. 


Ithaca Dog Farm 
R.R. #1, Ithaca, N.Y. 


Johnson, Walter J., Inc. 
111 Fifth Ave., New York 3, N.Y. 


Kay-Fries Chemicals, Inc. 
180 Madison Ave., New York 16, N.Y. 


LaMotte Chemical Products Co. 
Chestertown, Md. 


LaWall & Harrison 
1921 Walnut St., Philadelphia 3, Pa. 


Medical Photography & Art Service 
5354 Dixie Highway, Louisville 16, Ky. 


Microbiological Laboratory 
3821 S. Vermont Ave., 
Los Angeles 37, Calif. 


Microchemical Specialties Co. 
1834 University-Ave., Berkeley 3, Calif. 


Millerton Research Farm, Inc. 
Rudd Pond Rd., Millerton, N.Y. 


National Press, Inc. 
435 Alma St., Palo Alto, Calif. 


National Scientific Instrument Co. 
119 Chambers St., New York 7, N.Y. 


Nelson Company 
7810 Greenwood Ave., 
Washington 12, D.C. 


New Drug Institute 
130 E. 59 St., New York 22, N.Y. 


Nuclear Chemical Co. 


1952 W. Irving Park Rd., Chciago 13, Ill. 


Optical Research, Inc. 
9 E. 40 St., New York 16, N.Y. 


Pageant Press 
101 Fifth Ave., New York 3, N.Y. 


Palo Laboratory Supplies, Inc. 
81 Reade St., New York 7, N.Y. 


Precision Edge Laboratory 
1425 Madison Ave., New York 29, N.Y. 


Precision Scientific Co. 
3739 W. Cortland St., Chicago 47, Ill. 


Rolfsmeyer, Dan, Co. 
Route 3, Syene Rd., Madison 5, Wis. 


Rudolph, O. C., & Sons 
P.O. Box 466, Caldwell, N.J. 


Shankman Laboratories 


2023 Santa Fe Ave., Los Angeles 21, Calif. 


Sobotka, Eric, Co. 
100 W. 42 St., New York 36, N.Y. 


Soil and Health Foundation 
46 S. West St., Allentown, Pa. 


Sprague-Dawley, Inc. 
P.O. Box 2071, Madison 5, Wis. 


Stokeley-Peterson, Inc. 
P.O. Box 1254, Madison 1, Wis. 


Taconic Farms 
Germantown, N.Y. 


Target: Earth 
517 Tulip Rd., State College, Pa. 


Technical Instrument Co. 
122 Golden Gate Ave., 
San Francisco 2, Calif. 


Technology Press of M.I.T. 
Cambridge 39, Mass. 


Truesdail Laboratories, Inc. 
4101 N. Figueroa St., 
Los Angeles 65, Calif. 


University of Oregon Publications 
Eugene, Ore. 


Utility Supply Co. 
641 W. Lake St., Chicago 6, Ill. 


Van Nostrand, D., Co., Inc. 
120 Alexander St., Princeton, N.J. 


Vantage Press, Inc. 
120 W. 31 St., New York 1, N.Y. 


Volk Radiochemical Co. 
5412 N. Clark St., Chicago 40, Ill. 


Wisconsin Alumni Research Foundation 
P.O. Box 2217, Madison 1, Wis. 


Wyble Engineering Development Corp. 
P.O. Box 223, Silver Spring, Md. 
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COUNTERCURRENT 
FRACTIONATOR 


7 





200-Tube 
Extraction Train 


For separation and analysis of mixtures 


Our automatic drive can be used with 
any extraction train. Write for details. 


E-C APPARATUS COMPANY 
538 WALNUT LANE, SWARTHMORE, PENNA. 


NEW 











Lippich Type Polarimeter 


(Schmidt & Haensch) 





A precision instrument for measuring the rotation of the 
plane of polarization of all optically active substances. 
Big advantage is its glass circle instead of a metal circle. 
The scale on glass, instead of on metal, in conjunction 
with a micrometer plate, permits direct reading without 
vernier, resulting in greater speed and precision of 
reading. Glass circle is rigidly connected with the 
analyzer and carries two scales, an angular scale in 
degrees arc and a scale in international sugar degrees. 
Sodium vapor lamp is an integral part of the instrument 
and is always in alignment and ready for use. 


Model A with receiving trough for tubes up to a length of 220 mm. 
Model B with receiving trough for tubes up to a length of 400 mm. 


Bulletin SH-344 on request 


FISH-SCHURMAN CORPORATION 
74 Portman Road New Rochelle, N. Y. 











ELECTRONIC 


PIPETTING 
MACHINES 


@ Wide Range 
.025 cc to 4,000 cc per fill 
@ Dialamatic Control 
Change delivery volume or 
filling speed at the turn of 
a dial 
@ Electronic Speed Control 
e@ Aseptic Filling 
@ 1% Filling Accuracy 
e Low COosT— 
Models from $215 


Now, through the miracle of elec- 
tronics, a completely new pipetting 
machine that enables you to change 
delivery volume or filling speed at 
the turn of a dial. Two or more 
Filamatics may be coupled together for multiple 
Over 2000 filling . . . simply connect the machines with a 
Filamaties plug-in cable. Filling cycle may be initiated by a 
are in use foot switch or photo-electric light beam. Easily at- 
throughout the world tached to other equipment for automatic, synchro- 
nized operation. Call your dealer today for a 
demonstration, or . . . 
WRITE FOR BULLETIN S-10 








FILAMATIC WEIGHING MACHINE 
Automatically net weighs and dispenses preset quan- 
tities of powders, crystals, granules, seeds, pellets, 
etc. Available in 3 ranges as follows: (2 to 100 
gms.), (50 to 500 gms.), (100 to 1000 gms.). 


CALL YOUR DEALER OR WRITE .. . 


NATIONAL INSTRUMENT CO. 


2701 Rockwood Ave. ¢ Baltimore 15, Md. 
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NEW REAGENTS 


For Medical and Research Laboratories 


CHEMTROL the freeze-dried serum with 16 known 


values for the control of blood chemistry determinations. Pro- 
vides known values for glucose, transaminase, non-protein 
nitrogen, urea nitrogen, cholesterol, uric acid, chloride, cal- 
cium, globulin, sodium, albumin, creatinine, potassium, 
phosphorus, total protein, and protein bound iodine. Also 
included are protein fractionation values as determined by 
four different methods. 


Box of 2-10 ml. vials 


CORINTH Ca for the simple, one-step, photometric 


determination of calcium in serum, urine, water, foods, etc. 


ANTICLOT the ready-to-use, multi-purpose, heparin 
anticoagulant, with permanent stability. Ideal for sedimenta- 
tion rates, hematocrits, blood counts, Rh factors, blood typ- 
ing, flame photometry for sodium and potassium in blood, 
blood gases, blood pH, etc. Does not require aseptic handling 
or drying. To use, add blood to one drop Anticlot. 


Dropper bottle (300 test) 
These products are available from your dealer or from 


CLINTON 6010 Wilshire Blvd. 


Laboratories Los Angeles 36, Calif. 


For detailed information write for Bulletin SC-2 
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GRAP ~—— MEDICAL 
APSCD MICROSCOPES 


CHICAGO USA Most reasonably priced GUARANTEED 
Microscope on the market. 


Made in West Germany 


NEW DESIGN 
EXCLUSIVE 
SAFETY FEATURES 
HIGH QUALITY OPTICS 
10X OCULAR 
OBJECTIVES: 
16mm ( 10X) N.A. 0.27 
4mm ( 44X) N.A. 0.66 
1.8mm (100X) N.A. 1.30 


$192.00 
TEN YEAR GUARANTEE 


Write for catalogue 
listing safety features 


10% Discount on 5 or more. 
Models may be assorted to ob- 
tain this discount. 


TRANSPORTATION 
INCLUDED 


THE GRAF-APSCO CO. 


5868 BROADWAY CHICAGO 40, ILL. 
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WE PROUDLY 


ANNOUNCE! 







. Our new catalog 
of the most recent 
developments in 
Biological Glassware 
Catalog No. BS-2 


@ Four pages illustrating new 
Tissue Culture Glassware. 


@ Break-resistant lip 
Erlenmeyer Flasks. 


@ A complete new line of 
Centrifuge Tubes. 


@ Many new types of Pipettes. 


@ Morton Stainless Steel 
Culture Tube Closures. 


@ Many other items of importance 
to the microbiologist. 


Your copy of Catalog BS-2 
mailed promptly upon request. 


BELLCO GLASS INC., Vineland, NJ 


**Research deserves the best”’ 





one 19” x 19” Lab-aid unit section 
holds up to 6500 1” microslides 


other bulky files need this much 
more space to hold as many slides 


laboratory filing systems 


THE TECHNICON COMPANY 


P. O. Box 25 
Chauncey, New York 
Paris Office: COMPAGNIE TECHNICON - 7 rue Georges Ville - 
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PERSONNEL PLACEMENT : 








os ent per word, minimum 
charge $3.60. Use of Box Number 
counts as ro additional words. Pay- 
ment in advance is required. 


COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week) 

DISPLAY: Rates listed below — no 
charge for Box Number. Monthly 
invoices will be sent on a charge 
account basis — provided that satis- 
factory credit is established. 

Single insertion $22.00 per inch 
13 times in 1 year 21.00 per inch 
26 times in 1 year 20.00 per inch 
52 times in 1 year 19.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 














lil POSITIONS WANTED || 





Organic Chemist, Ph.D.; 6 years’ university 
teaching; 7 years, director department, pharma- 
ceutical company. Medical Bureau, Burneice 
Larson, Director, 900 North Michigan Avenue, 
Chicago. x 





Bacteriologist, M.S., postgraduate training, 15 
years of supervisory clinical laboratory (bac- 
teriology, mycology, and serology) teaching, and 
research experience ; publications. Desires chal- 
lenging position. Box 280, SCIENCE. xX 





Biochemist, Ph.D.; head of government medical 
research laboratory, wide experience, seeks re- 
sponsible position planning and developing re- 
search program in fundamental and clinical 
areas. Box 283, SCIENCE x 








Botanist. Associate professor with Seaslipeeniind 
in teaching, research, and industry desires posi- 
tion in college or university. Subjects taught in- 
clude mycology, plant pathology, and plant 
physiology. Box 281, SCIENC CE. x 


ill POSttt0NS OPEN jill 








Bacteriologist. Quality control laboratory of ex- 
panding Philadelphia pharmaceutical manufac- 
turer desires M.S. in bacteriology with 4 to 5 
years’ experience in microbiological assay to 
analyze vitamin and antibiotic products and raw 
materials; 40-hour week. Educational assistance 
included in liberal benefit ge Send complete 
résumé, Box 274, SCIENCE 10/25 





Biological Scientist. M.S. or equivalent in 
physiology, pharmacology, or bioc' emistry, or 
some combination thereof, to participate in the 
analysis of scientic data in connection with re- 
search and development activities of large manu- 
facturer. Eastern location, Liberal benefit pro- 
gram. Send complete personal data. Box 279, 
SCIENCE, 10/25 





(a) Clinical Chemist; head department, 200- 
bed general hospital expanding to 300; good 
research facilities; to $7500; large eastern city. 
(b) Bacteriologist and (c) Biochemist; M.S. 
required; to head respective departments, hospi- 
tal now expanding to more than 500 beds; col- 
legiate affiliated medical technology school; 
excellent laboratory facilities; receptive medical 
staff; salaries for both $6500-$7200; large city; 
Midwest. (d) Biochemist; young Ph.D. for 
research appointment, otolaryngology depart- 
ment, noted midwestern university medical 
school, (e) Consultant Physiologist; Ph.D. for 
research project, new laboratory now under con- 
struction in affiliation with _— general hospi- 
tal; research now cardiovascular, scope to be 
broadened later; to $12,000; Mideast. Wood- 
ward Medical Bureau, Ann Woodward, Direc- 
tor, 185 N, Wabash, Chicago. 





Clinical Pathologist, state mental hospital; bac- 
teriology, chemistry, autopsies, surgical speci- 
mens, biopsies. Opportunity for medical college 
affiliation, possibilit Bg ere Salary $11,920- 
$14,050. Write to Duncan Whitehead, Di- 
rector, Buffalo State "Hospital, 400 Forest ‘Ave- 
nue, Buffalo 13, New York. xX 








iii POStT10NS OPEN lll 








(a) Analytical Chemist preferably with bioana- 
lytical experience and, also, industrial experi- 
ence, biochemist or development chemist with 
master’s or higher and experienced in isola- 
tion of natural compounds and chemical engineer 
experienced in fermentation or chemical pilot 
plant work; large industrial company; Pacific 
Coast. (b) "Associate Medical Director; prefer- 
ably physician experienced in pharmaceutical 
field; major company, East. (c) Young Intern- 
ist interested in combining clinical and investi- 
ative activities; California. (d) Chief Clinical 
sychologist experienced in child guidance clinic 
to head psychological services in well-established 
child guidance clinic in metropolitan area of 
Southwest; staff of 10; research opportunity. 
(e) Biochemist ; 400-bed hospital; active re- 
search group; university town, Midwest; mini- 
mum $8000. S10-4 Medical Bureau, Burneice 
Larson, Director, 900 North Michigan Avenue, 
Chicago. x 





Director, diagnostic and research tuberculosis 
laboratory, central Florida, physician or non- 
physician microbiologist or clinical chemist. 
Part-time employment will be considered. Write 
Dr. Albert V. Hardy, Director, Bureau of Lab- 
oratories, State Board of Health, P.O. Box 210, 
Jacksonville, Florida. uc 





MICROBIOLOGIST, Ph.D., recent graduate 
with experience or training in tissue culture and 
virology. Responsible research position with 
rapidly expanding veterinary biological and 
pharmaceutical manufacturer located in Midwest. 
Fine working conditions, liberal employee bene- 
fits, including a profit-sharing program, and 
excellent opportunity for advancement. Please 
send complete résumé, including approximate 
salary requirements, references, and data avail- 
able in first letter. Our employees know of this 
ad and all inquiries will be held in strict confi- 
dence. Box 267, SCIENCE 10/2 





NEW WORLD-WIDE GRADUATE 
AWARD DIRECTORY. First compilation 
ever prepared for American scientists, teachers 
and librarians to subsidize their education and 
research in over 350 universities in 45 states, 30 
foreign lands. Stipends $200-$10,000. Complete 


information. Pre-publication price before 15 
Nov. 1957, $1.50. Regular price, $2. CRU- 
SADE, SCL, Box 99, Station G, Brooklyn 22, 
N.Y. 10/4, 11, 18, 26; 11/1 





Ph.D. Pharmacology. Excellent opportunity for 
man with experience in industrial pharmaceuti- 
cal research and an ability to supervise research. 
Take charge of pharmacology section a progres- 
sive pharmaceutical firm with a pleasant subur- 
ban location near a large midwestern city. 
Please submit details of education, experience, 
salary requirement, availability, and so forth, 
to Box 277, SCIENCE. 10/25; 11/1 








VENEZUELAN INSTITUTE 
FOR NEUROLOGY AND 
BRAIN RESEARCH 
CARACAS, VENEZUELA 


invites applications for the position of 
Scientific Director of Reactor Operations 


Candidates should have a degree in 
one of the physical sciences or engi- 
neering and experience in the opera- 
tion of nuclear reactors and in the 
direction of research activities relating 
to the use of reactors and associated 
equipment. 


For further details regarding terms of 
employment, salary, living conditions, 


etc., candidates should submit detailed 
applications to 


W. H. Zinn 


General Nuclear Engineering Corporation 


P.O. Box 245, Dunedin, Florida 











onDINATED Rese 4, 
§ s TOXICITY TESTS 


% 
*worvennsi chemicals, foods, drugs, cosmetics, 










iii POSITIONS OPEN jl 





PHYSICS, CHEMISTRY, MATHEMATICS, 
AND ENGINEERING. Teaching, consulting 
at Robert College, Istanbul, Turkey, Live, 
travel in vital area, participate in graduate pro- 
gram _ development and pianning of buildings 
and facilities. Challenge: to prepare engineers 
for varied and increasing technological develop- 
ment of Turkey and Middle East. rite Near 
East College Association, 40 Worth Street. 
Room 521, New York 13. xX 





SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualification 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE. 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 


The Market Place 


BOOKS + SERVICES +» SUPPLIES » EQUIPMENT 











iil BOOKS AND MAGAZINES |i 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description ol 
a files you are willing 7 = at high mar- 
et prices. Write Dept. A3S. J. S. CANNER. Inc. 
oston oh Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volurmes bought at top prices 
——————————._ Your wants supplied from 
our Back Files of over 3,000,000 periodicais. 


Abrahams Magazine Service; N. Y. 3, N. Y. 























Z. following FDA procedures, for 


pesticides, additives. Biological assays. 
Screening tests. Complete research and develop- 
ment services. No obligation for estimates. 
Call or write Arthur D. Herrick, Director. 

NEW DRUG INSTITUTE 


130 East 59 St., New York 22 * Mu 8-0640 











TO AUTHORS 


seeking a publisher 


Learn how we can publish, promote and distribute your 
book on a professional, dignified basis. All subjects con- 
sidered. Scholarly and scientific works a specialty, Many 
successes, one a best seller. Write for booklet SC—its free. 


VANTAGE PRESS Inc. @ 120 W. 31 St., N.Y. 1 
In Calif.: 6253 Hollywood Bluvd., Heltywoes 28 
In Wash., D.C.: 1 Vermont NW 
Midwest Office: 220 S. Mich. Ave., Chicago, ul. 








For Information Retrieval . . . Since 1947 


CALVIN N. MOOERS 


Consulting: Commercial and 
Governmental 


Development, installation, and advice on 
digital information retrieval systems using 
cards or computers. Zatocoding (media 
coded with random superimposed codes) ; 
for chemical structures—Zatopleg, Zator- 
node, and N-tuple code methods; the fil- 
tering technique for _descri tors. Zator 
Company leases the Zator 800 Selector 
for cards and licenses the Zatocoding 
System. 


ZATOR COMPANY * TRowbridge 6-6776 
140 Mt. Auburn St. Cambridge 38, Mass. 











892 





SCIENCE, VOL. 126 











il 


a || | 








ing 


ro- 














BOOKS SERVICES SUPPLIES 


—The MARKET PLACE 


EQUIPMENT 











|\\ll| SUPPLIES AND EQUIPMENT |i - 


||||| SUPPLIES AND EQUIPMENT | 








|\|SUPPLIES AND EQUIPMENT jj 








Wt Veen, 
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albino rats” 
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Rats 





6 
HENRY L. FOSTER, _ 


President and 
THE _ RIVER BREEDING LABS. 
. O. Box P, Brookline 46, Mass. 











THE JUNIOR 
Garceau 
Electroencephalograph 
Price $575.00 complete. 
No Batteries 
Requires no Shielding 
Prompt Delivery 

A.C. Operated 
Inkless Writing 
Shipped Ready to Run 
ELECTRO-MEDICAL 
LABORATORY, INC. 
South Woodstock 2, Vermont 





ANIMAL CAGES and 
ACCESSORY EQUIPMENT 
NEW CATALOG 


Depicting advanced ideas for housing 
and servicing animals. Write for copy 
today. 


HOELTGE BROS., Inc 


1919 Gest St. Cincinnati 4, Ohio 











ALBINO RATS 


SWISS MICE 


Price lists on request 


DAN ROLFSMEYER CO. 
Ph. ALpine 6-6149 
Route 3, Syene Road, Madison, Wisconsin 











UNIFORM ..... 


Webster Swiss 
sino. WMEICE 
ARMER ENTERPRISES 
Croton Falls, N.Y. 














ANALYTICAL GRADE 
ION EXCHANGE RESINS 


Processed from Dowex Materials 
Send for Technical Bulletin A 


Ce il )-Caboratories 








800 Delaware St., Berkeley, Calif. 











AMERICAN-LINCOLN 


ANIMAL CAGES 
and INCUBATORS 






@ American-Lincoln ani- 

_ cages of types 
ran — single units 
to large four compart- 
ment sizes. Special cages, 


, racks, etc., 
built. to order. Incuba- 





America’s Yeading scien- 
tific institutions. 


Write for New Catalog 
AMERICAN-LINCOLN INCUBATOR CO. 
New Brunswick, N. J. Dept. AS 





BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 





| Rats from the Wistar Strain| 














i) 2 
2| Laboratory Animals | = 
¢ since 1929 3 
Sl cccendisaneeaneieenennaieeiaae oe 
5 ALBINO FARMS, PO Box 331 5 
oO RED BANK, NEW JERSEY 
|Swiss Mice — Albino Rabbits | 








TACONIC 
FARMS 


GERMANTOWN NEW YORK 
GERMANTOWN 3535 





Send for booklet 














LOVINS MICRO-SLIDE FIELD FINDER 


Now available sips from 
the manufacturer 





FiGiLp Finesse 
Me 801080100 





mame Gmy oF 
wW.e..8.eua.ev 
— 
‘TROY. A. V.U.8A 





Write for details. W. & L. E. Gurley, Troy, N.Y. 





Rte. 4, Box 205 
6919 Burkett St. 








% OCTOBER 1957 























HoLtTzMANn COMPANY 


Our continuous efforts to maintain the superiority of the Holtzman strain of albino 
rats are centered on the environmental, nutritional, and breeding aspects. We sub- 
mit that your published report may be more accurate if you state that the rats were 
procured from us. We believe they are better than those produced elsewhere. 


Madison, Wis. 
Houston, Texas 


Phone ALpine 6-5573 
Phone JAckson 9-1708 















GET YOUR ADVANCE COPY 


of the General Program-Directory 
of the AAAS Indianapolis Meeting 
by first class mail — early in December 


The General Program-Directory of the 124th Meeting of the AAAS in Indianapolis, Dec. 26-30, 
1957, will be available to anyone, at cost, within the first week in December—whether he can attend 
the Meeting or not. You will want the General Program-Directory for your reference shelf. 


Program content Directory content 


1. The two-session general symposium, “Moving Frontiers of 1. AAAS officers, staff, committees for 1957. 
Science II: Concepts That Mold Our Lives,” arranged by 


the Committee on AAAS Meetings. 2. Complete roll of AAAS presidents and their fields. 

2. The six sessions of the Conference on Scientific and Tech- 3. The 271 affiliated organizations. 

nical Editorial Problems. eee ee Ce fects ¢ te’ led 
4 : A . Historical sketch and organization of the Association; 

3. ae 18 AAAS sections (symposia and con the Constitution and Bylaws. 

4. Programs of the more than 60 participating societies. 5. Publications of the Association. 

5. The Special Sessions: AAAS, Academy Conference, Con- 6. AAAS Awards and Grants—including all past winners. 
ference on Scientific Manpower, National Geographic : 
Society, Phi Beta Kappa, Sigma Xi-RESA. 7. Membership figures by sections. 

6. pte eee cnet of the Meeting— 8. Section committees (Council members) in detail. 

7. Titles of the latest foreign and domestic scientific films 9. Local committees. 


to be shown in the AAAS Science Theatre. : 
10. Future Meet f the AAAS through 1962. 
8. Exhibitors in the 1957 Annual Exposition of Science and bidet xs ws hie . 
Industry and descriptions of their exhibits. 11. New and current activities of the AAAS. 


Acévance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2)You 
receive the General Program-Directory in ample time to decide, unhurriedly, which events and sessions you particularly wish to 
attend; 3)Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY — 


la. 0 Enclosed is $3.00 for my advance Registration Fee which brings me the Program-Directory, Convention Badge, and all 
privileges of the Meeting. 


lb. ( Enclosed is $2.00 for only the Program-Directory. (It is understood that, if I should attend the Meeting later, the 


Badge—which is necessary for all privileges of the Meeting—will be secured for $1.00 more.) 
(Check one) 


ae OS Peto LR Oa TS) 2 on i mri: Pr Gr arin Ger Sr sa aa eeitica 
(Please print or typewrite) (Last) (First) (Initial) 


3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


5. YOUR FIELD OF INTEREST 


MO Ch eo Ke Cr Ay 0) boo. a a i Mee rin ee Merrie te ete Mics mG 
(May be added later, after arrival) 


Please mail this Coupon and your check or money order for $3.00 or $2.00 to the 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, N.W., Washington 5, D.C. 
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MICRO COLD STAGE (Micro Melting Point Apparatus), 
Thomas-McCrone Thermometer Reading Model. Based 
on the design described by Walter C. McCrone 
and S. M. O’Bradovic in Analytical Chemistry, 
Vol. 28, No. 6 (June, 1956) p. 1038. With built-in 
heating unit to provide close temperature 
control within a working range of —100°C to 
+70°C when using dried, cooled nitrogen gas. 


Of phenolic plastic and with two adjustable 
feet for attachment to the stage of a micro- 
scope in place of stage clips. The bevelled cut-out 
in top of stage takes a standard 10 x objective. 
Simplified for convenient insertion of sample 
and reproducible placement of interchangeable, 
low temperature thermometers. 


Heating is by means of a Pyrex brand E-C 
Radiant Glass plate. Voltage on the heating 
unit should not exceed 80 volts and a Variable 
Transformer, with mechanical stop to limit 
output voltage within the range 0 to 80 volts, 
is included with the Stage. 











: J 


Jtemit-McCRONE MICRO COLD STAGE 


For use in micro fusion studies over the range —100°C to +70°C 


The manipulator rod for seeding, moving the 
glass test plate and similar operations, is in- 
serted into the working chamber through a ball 
joint. Thermometers are inserted from the side. 


In use, a stream of inert gas, precooled to a 
temperature below the expected melting point, 
is passed over the sample and escapes from the 
stage through a small annular space around the 
objective. Practically all moisture is removed 
from the gas stream in a simple Cooling Device. 
Condensation of moisture and possible icing of 
the objective is thus minimized. 


6892-G. Micro Cold Stage (Micro Melting Point Apparatus), 
Thomas-McCrone Thermometer Reading Model, as above 
described, with manipulator rod; two thermometers; extra E-C 
Radiant Glass heating unit; Powerstat voltage transformer; and 
6-ft. cord and plug. For use on 115 volts, 60 a.c. 
only. 179.25 





6893-N. “Fusion Methods In Chemical Microscopy,” by Walter 
C. McCrone (Interscience Publishers, Inc., 1957). Contains approxi- 
mately 328 pages, 158 illustrations and 23 tables, and includes 
techniques for Thomas-McCrone Cold Stage. 6.75 


More detailed information sent upon request. 


[ooauire aid strvict 
A.H.T.CO. 
[LABORATORY APPARATUS 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on Thomas { Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA, PAs 





COMPLETELY NEW LINES 


BY AMERICAN OPTICAL COMPANY 


SPENCER 








LABORATORY MICROSCOPES 


Outstanding Features: 


e Advanced styling and design 

e@ Interchangeable and reversible bodies 
e@ Rigid, well balanced arm 

e@ Focusable stages ...Variable autofocus 
e@ Wide selection of mechanical stages 

e@ Dual cone revolving nosepieces 

e@ Zone of convenience 

@ Built-in base illuminator 

@ Top quality optics 

e New EPOXY finish 


Plus — 


Wide variety of accessories and alternate parts 
. readily inter changeable to meet future needs. 


STEREOSCOPIC MICROSCOPES 


Outstanding Features: 


e@ True three-dimensional erected image 
e Top quality optics...low reflection coated 
e Reversible and inclined body 
e@ Long working distance 
e Large field of view 
e Wide range of magnifications 
e Broad selection of models 
e Dove-gray EPOXY finish 
e@ New Cyclospot [lluminator 
e LOW PRICE 
Plus — 
Revotutionary MAGNI-CHANGER 


. . » desired magnifications simply 
“dialed in"’! . 














Dept. V-4 
i. : Gentlemen: 
\meriean () tical O Please rush new CYCLOPTIC brochure SB 56 
. : O Please rush new MICROSTAR brochure SB 124 


Company that 


Address 








INSTRUMENT DIVISION BUFFALO 1S. NEW YORK 
City Zene State 


DEFENSE PRODUCTS PLANT * KEENE. NEW NAMPSHIRE 
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